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PART II. 
THE TRANS-SHIPMENT PROBLEM. 
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CHAPTER VIII. — BREAKING BULK AT TRANS-SHIPPING STATIONS. 


On principle, objection may always be — this objection is due to the difficulties 
raised against the employment of different caused by trans-shipment at the trans- 
gauges for railways in the same country shipping stations. 


(4) See Bulletin of the Railway Congress, January 4924, p. 25 


Ii—1 


a “wagon Bad: which need to be tra 
shipped in any case. a 


service that could have been attained from 


_ the rolling stock if it had all been of the 


same gauge. The same applies to the 
extra space that must be kept clear in 
the stations on this account. 

However this may be, the magnitude of 
the trans-shipment varies according to 
the classes of lines that meet, and we 
may divide these into three groups : 


I. — Trans-shipment between two. 
classes of main line, the one of broad 
gauge serving an area that has already ~ 


been opened up, and the other of nar- 
rower gauge running into new areas to 
be developed; 

IJ. — Trans-shipment between second- 
ary lines and main lines in areas that 


have been opened up, or between second- 


ary lines in areas that have been opened 
up in new countries and the main lines 
of such areas; 

IJ. — Trans- -shipment between lines 
of different gauges in countries where 
the railway system is fully developed. 


The first case is that which occurs 
where trans-shipment is necessary be- 
tween feeder lines and the main lines in 
new countries; the second is that which 
is found between secondary and main 
lines of railway in Belgium; and finally 


_In our gies the main disadvant 


aun eee ane ; 


to ihe! port of Santon, “The breaking u 


two hours at a place at which it would 
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in each individual case. Most frequently 
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from the annual reports of the Soroca- 
bana Railways of which the metre-gauge 
system has three trans-shipping stations 
where it joins the broad-gauge Sao Paulo 
Railway : at Sio Paulo, at Jundiahy and 


at Barra Funda. (See table 40.) Ex- 
changes are also made at Jundiahy with 
the Paulista Railway of which the gauge 
is the same as that of the Séo Paulo Rail- 
way, that is 1 m. 60 (5/ 37), 


TABLE 40. 


YEARS. At Sao Paulo. 


English 
tons, 


Cen- 


Reis 
Dee times, 


English 
ton. tons. 


8 958 
9 472 


I 
60 197 


206 | 33 
DOTS}, 2. 


1908 


7104 


82 296 
19 967 


1 
ie 8 034 


53 283 
8 477 


9 674 
25 930 


The trans-shipment, which was much 
smaller, between the Sorocabana and the 
Paulista Companies’ lines was rated uni- 
formly between the companies at 800 reis 
per ton, that is 1.28 francs per ton (in all 
the changes of currency value we have 
taken the milreis at 1.60 francs). 

The lower rate that can be charged per 
mile owing to the use of tracks of nar- 
rower gauge in outlying areas makes it 
possible to pay interest on the capital in- 
vested in such undertakings, which often 
could not have been carried through if it 
had been necessary to construct them un- 
der the same conditions as the lines of the 
already developed areas. 

From this it must be concluded that a 
break of gauge at the outskirts of the de- 
veloped areas only causes slight disad- 
vantages from the point of view of the 
total result required to be obtained. The 
stations where change of gauge occurs play 
to some extent an analogous part to that 


_ At Barra Funda. 


Trans-shipments between the Sorocabana and the Sao Paulo railways. |Trans-shipment 
with 


the Paulista 


At Jundiaby. | at gundiany. 
Reis : Reis : 

Cen- English Cen- English 

Per | times. | tons, | Pe | times.| tons. 
43 246) 4147 24 2 957 
9 155 46 000 
16 948 2 363 
7 622 94 000 
15197 3 410 


T 653 873 


of those stations from which a single line 
is doubled when it enters an area having 
heavier traffic. 


II. — EXCHANGES BETWEEN MAIN AND LIGHT RAIL- 
WAYS IN COUNTRIES WHERE THE RAILWAY SYSTEM 
IS FULLY DEVELOPED. 


In this case the problem appears in a 
different form. The light railway is 
usually of comparatively short length 
which is not the case on the main line; 
and the cost of trans-shipment is much 
greater in proportion to that of the total. 


If we represent by : 

I, the length in miles of the feeder line 
under consideration ; 

f, the cost of carriage per ton-mile on 
such a line; 

F, the cost of carriage per ton-mile on 
the broad-gauge line (4/ 8 1/2” in the 
countries that have adopted this gauge) ; 
and 


a= 


Hy 
l 


‘3 . §-shipm 
24 thin, the total freigt i from the end « 
light railway, i 

the wagon of. the: main fe) a be: (fl 
+P-+a), where a is the total of ‘the stand- — 


ing charges (booking, ete.) i 


If, on the other hand the light railway 
had ‘been replaced by a branch of 
main line the freight would have been 


the 


(Fl + a). For an annual tonnage T, the 


total freights would have been respective- E 
ly: ZT (f+ P +a) and T (Fl-+-a). The 
term T, which is common, may be disre- 
garded. 


Now if the narrow gauge had not been 
adopted, it would have been possible to 
expend TP francs more for the line, that is 


franes more per kilometre, a re- 


ogee the interest on 100 + P 
In 


n %, and trans-shipment would have been 


aire 

The financial success of the undertak- 
ing can be estimated by the comparative 
value of Tfl — TFI, and the freight per 


axle. The general conclusion to be drawn 


is that the gauge that should be adopted 
depends on the conditions and must be 
investigated for each particular case. 
There is however, one matter which is 
of importance and which applies to the 
case when the light railway is constructed 


of the same gauge as the main line to 


which it is connected. It fairly often hap- 
pens, however paradoxical this may seem, 
that trans- shipment takes place neverthe- 
less. This is because the vehicles on mix- 
ed service generally run over a much 
greater distance on the main line than on 
the light railway and frequently the latter 
may be robbed of its rolling stock unless 
it is equipped in a manner disproportion- 
ate to its requirements. It follows then 
that the light railway prefers to cease run- 
ning the vehicles of the main line over its 
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however, some breaks of gauge | 
kind, particularly at some of the ‘Euros 
pean frontiers, and there will be others 
shortly in countries overseas when the 
railways have reached their common fron- i 
tier. This has already occurred in Aus- 
hebner 


It must not be concluded at once ‘that 7 
it is necessary to change the gauge of 
one of the two railway systems or of both. 


condemned and should have been avoid- = 
ed, this is no reason for its magnitude to 

be exaggerated. Moreover breaks of, laid: taees 
actually occur at various points with all — 
transport : at the start where the goods — 
are placed in lorries; at the departure’ <5) 
station where they pass from lorry to 
goods wagon and conversely at the arrival = 
station. There are also trans-shipments _ dons 
at seaports. Now if we except the load- 
ing in bulk of coal, wheat, minerals, ete, = 
there are few installations that enable — ist 
trans-shipment to be avoided from lorries ‘Ofae 


to wagons and vice versa or between \ yaa 
gons and ships; and before making ete 


volved calculations regarding a radic 
change of gauge, of which the finan é 
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the loading gauge at certain places, reduc- 
ing the limiting gradient and increasing 
the radius of curves at others, etc., and 
whether these would not prove to be a 
more efficient means of obtaining greater 
economic improvement of the whole. 

This applies specially when a railway 
system is formed by the amalgamation of 
smaller systems, a case that frequently 
occurs at the present time. Each of the 
railway systems absorbed requires its 
technical conditions to be examined, and, 
in order to bring these into harmony, 
we may proceed by one of three ways, 
which we will deal with in order of the 
decreasing magnitude of the work to be 
carried out. 


RECONSTRUCTION OF THE ABSORBED 
RAILWAY SYSTEM ON THE SAME BASES AS 
THOSE OF THE RAILWAY SYSTEM THAT 
TAKES IT OVER. 


a) 


This change is costly, but it is gener- 
ally adopted when the railway system 
that is taken over is of relatively small 
size. The reconstruction refers to three 
features: the track gauge, the loading 
gauge and that of the structural works, 
and the superstructure of the line. Want 
of standardization of any one of these 
conditions would necessitate trans-ship- 
ment or involve the exclusive use of the 
rolling stock which the railway system of 
smaller dimensions can accept. 


We have previously noted, when men- 
tioning the cases of conversion of gauge, 
the unification of railway systems that 
has been obtained by widening the nar- 
rower gauge. The modification of the 
loading gauge is carried out similarly. 
This was the case, for example, on some 
of the railway systems taken over by the 
Belgian State Railways. 


b) MAINTENANCE OF THE DIFFERENCE 
BETWEEN THE CONDITIONS EXISTING. 


This solution has the advantage that 
it does not create new financial liabil- 
ilies, but, on the other hand, it causes 
the loss of some of the advantages which 
might have arisen from complete fusion 
of the two railway systems. 

The main disadvantage arises from the 
maintenance of a difference of gauge 
which always involves trans-shipment. 
The number of companies working lines 
of two different gauges is much greater 
than is generally imagined. The mileage 
requiring to be converted is often very 
large when compared with that of the 
railway systems with which it is neces- 
sary to standardize. Examples are given 
in Table 44. 

Apart from these railways, there are 
others that work an important system of 
light railways laid of a different gauge 
from that of their main lines. The 
following are a few examples of these : 


Taste 42. — Table of railways also working light railway systems. 


aes | Rainway. | Kilometres. Gauge. | Kilometres. Gauge 
4.4.4912 | Saxony (State) (4) 2 864 1m. 435 506 0m. 750 
10 4m. ee Sys 

= Hungarian (State) . 18 308 1m. 435 545 0 m. 760 
. 23 4m. 14 Orns 750s 

— Union of South Africa 14 455 1m. 067 904 0m. 600 

(8 982 m.) (560 m.) 

_ @) Extracts from the Official Report. ' | 
—_ << A 


versa, and rareh 


over a series 0 


it} 


Raiiways. Kile =| 
(Mileage on] January 1921.) kan 


National Light Railways Company | , ORE AY Aid) i 
(Belgium) (4) . : Se: MereBes ell 000} , 0) 


- East German Railway Co. 3). «BIE: | Om. 750 | 146. 
Vering & Waechter. . . . . | 40 | Om. 750} B 
Pomeranian Provincial Union. . 402 10m. 750} 523 | 
West German Railway Co.. . . 195 | 4 000312 4a ; : mixed 


Munich Local Haye a ar a 


(1) Figures extracted trons the annual report. — ie Pepe 
(2) A large railway system of this gauge existed before the war. It er Deon reconstructed S metri 
a) Figures extracted from the aside ibde 


Some Governments that have construct- 
ed railway systems in various parts of 
their territory have in certain cases in- 
stalled different gauges. Worked as quite 
distinct railway systems they do not come 
into the category of the lines that we are 
investigating here, any more, for example, 
than do the lines of two different -com- 
panies having different gauges. 

If two railway systems were originally — 
laid of the same gauge, but with different 
loading gauges, or superstructures, it does 
not follow that if they are connected later — 
that trans-shipment will be necessary. It Slee ther war, re 
may be, however, that the restrictions im- _ gage of 41 m. 067 e 6! i, 
posed by sections of different capacity 
may cause inconvenience and sometimes — 
difficulty in working. The question is 
more serious from the military point of 
view, because the large amount of traffic 
which it may be necessary to move at a 
particular moment ‘may require the use of 


investigation 1 ong ihe > possibilit ty ae effect- 
ing the standardization of the track and 
ee gauges 0 over oe i rhiplen of Austra- 5 


ig) 
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tion of its characteristic features for the 
whole diminishes the efficiency of the 
railway system that takes it over and thus 
involves a total economic loss. This so- 
Jution has, however, occasionally been 
adopted. The following are some exam- 
ples : 

Conversion to standard gauge of the 
fine Great Western Railway system, of 
the broad gauge of 2 m. 134 (7’), before 
and up to 1892, because it was different 
from the other railway systems of Great 
Britain; 

Conversion to standard gauge of the Ba- 
den Railway System (1m. 800 [5’ 10 7/8”]) 
and the Dutch (1 m. 94 [6’ 4 3/8"]) to 
that of the other European railways; 

The Sceauaz line (Paris-Orleans Railway) 
altered from 4 m. 75 (5/ 9”) to standard 
gauge by the law of 1883 to amalgamate it 
with the general railway system of the 
Company (*) ; 

The Paraguay Central Railway altered 
from 1 m. 60 to standard gauge (from 
5! 3” to 4/ 8 1/2”) in 1912 in order to 
connect it to the Argentine Railway Sys- 
tem and thus give it access to Buenos 
Ayres. 


In Brazil the following lines 1 m. 60 
(3! 3”) have been converted to metre gauge 
in order that they may form part = more 
important railway systems : 

1905, the Recife and Sao Francisco 
Railway, of 125 km. (78 miles) (Brazilian 
Great Western Railway System) ; 

1911, the Bahia and Sao Francisco Rail- 
way, 125 km. (Bahia Railway System) ; 

1911, the Porto Novo Branch (Brazilian 
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Central Railway), 64 km. (40 miles), 
(Fluminense System); the Nictheroy- 
Cachoeira line, 73 km. (45 miles) (Leo- 
poldina Railway System) ; 

The Maua Railway, 18 km. (41 miles) ; 
was similarly reduced from 1 m. 676 to 
4m. (from 3’ 6” to 3’ 3 3/8”) in 1882 
(now the Leopoldina Railway System) ; 

The Bahia Central Railway, 318 km. 
(197 1/2 miles) of 1m. 10 gauge reduced 
to 1 m. (3! 7 1/4” to 3’ 3 3/8”) for amal- 
gamation in the Bahia Railway System in 
1914; 

Chilian State. — The Serena Coquimbo 
and Ovalle Railway, 93 km. (58 miles), 
constructed as 1 m. 676 gauge (5/ 6”) and 
reduced to metre gauge in 1910; 

The Tongoy Railway, 64 km. (40 miles), 
and those of Chanaral and of Pueblo 
Hundido and its branch, 138 km. 
(86 miles), have been reduced from 
1 m. 067 to 1 m. (3’ 6” to 3’ 3 3/8”) in 
order to form part of the metre-gauge 
system of the Chilian State Railway; 

In the United States and in Canada nu- 
merous broad-gauge tracks have also been 
reduced to the standard 1 m. 435 gauge 
(4’ 8 1/2"), 15.000 miles were converted 
in fact in two days in 1886. 


To sum up, of the three methods inves- 
tigated : adoption of the technical con- 
ditions of the main railway system for 
the whole of the system; maintenance of 
the existing differences; or adoption of 
the conditions of the smaller system; the 
first and the third necessitate conversion 
and the second may require break of 
bulk. 


— TRANS-SHIPMENT 


Having examined the case in which 
break of load occurs it is well to say a 
() It had been constructed on the Arnoux System. 


few words about the methods available 
for reducing the cost and disadvantages 
of this operation to the minimum. 
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For this purpose we will divide the 
matter into three groups : 

The first comprises traffie in which 
goods have to be unloaded and reloaded 
for transfer from one railway to another 
of different gauge; 

In the second group the goods as well 
as the wagon body containing them are 
transferred from a broad gauge to a 
narrow gauge railway system or vice 
versa; 

The third group consists of traffie in 
which goods and the wagons carrying 
them are transferred from the one to the 
other railway. 


I. — TRANS-SHIPMENT OF GOODS ONLY. 


This is the most usual method, but the 
means adopted for carrying it out vary 
with the size and kind of the goods car- 
ried. 

The most general case is that of ex- 
change between a light railway and a 
main line. This is generally only of 
minor importance; special means are 
rarely adopted for carrying it out. The 
trans-shipment is made on the level from 
wagon to wagon or across a long and 
narrow platform arranged between the 
broad-gauge and narrow-gauge tracks; 
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at most the latter is raised in order: that 
the floors of the two vehicles may be at 
the same height. 

Sometimes jib-cranes or gantry-cranes 
are used particularly when it is a ques- 
tion of trans-shipping bulky or heavy 
goods such as parts of machinery, timber 
in the log, etc. 

The cost of trans-shipment varies ac- 
cording to the district and the class of 
goods, as well as the character of the 
facilities provided for handling by special 
appliances. The cost per ton is still 
further reduced when the tonnage trans- 
shipped is itself large. 

In some countries the rates for trans- 
shipment are fixed by law. This is the 
case in France and in Austria (+). In 
British East India an amount was added 
equivalent to an extra distance of three 
miles, but these rates did not necessarily 
represent the exact cost nor did they 
necessarily over-ride any arrangements 
which might have been agreed between ~ 
the companies. 


The following are the values given by 
the Grundatige des Kleinbahnwesens pub- 
lished by the Ministry of Public Works 
of Prussia (page 192).. 


TABLE 44. 


PRE-WAR PRIGCES. Pfennigs per ton. | Centimes per ton. 
Tipping coal from standard-gauge wagon at a higher level 
on to a narrow-gauge wagon below it : 
At Nordling . 3.25 S200 
At Hennef (Broklthal Railway) 8 9.80 
Trans-shipment of minerals, lime and coal, * hand latoile 
on the Bréhithal Railway . : 15 18.45 
Trans-shipment of pane, genes (Sazom Noon owgange 
Railways) . : : j 45.3.to 17.2 18.82 to 24.45 
On the Eeeeanene at Bosna Breas 20 24.60 
On the Feldabahn at Salzungen. 12 to 30 14.76 to 36.90 
On the Kaisershergerthalbahn . 9.40 41.56 


(1). The regulation dated 8 March 1890 fixed this at the uniform figure of 30 centimes per ton. 


Austria it was 25 centimes. 


To 


97 


Mr. Képke has calculated the following mean figures at the same date for the 


various classes of trans-shipment : 


TABLE 45. 


PRE-WAR PRICES. 


au Pfennigs per ton. | Centimes per ton. 


Goods and packages trans-shipped by hand. 


Goods in bulk, trans-shipped by hand, per ton (the max- 


imum figure applies to returned empties) 
Trans-shipment by tipping wagons . 


(In this case the reduction in cost of Gate Pipaene 
is adversely affected by the increase in the cost of trans- 


port, the dead weight being much greater.) 


Trans-shipment ae means of ees 25 to 50 pt. per 


wagon. 


50 61.5 
6 to 40 7.3 to 49 
30 to 60 7 to 73 
2.5 to 10 3 to 12 


Finally we must quote the numerous 
particulars communicated by the various 
railway companies at the Berne Congress 
in 1910. (Table 46.) 

As will be seen the cost of trans-ship- 
ment varied in a number of cases between 
25 and 35 centimes per ton. 

The examples in the preceding table 
all relate to exchanges between secondary 
lines of narrow gauge and main lines of 
broader gauge. 

It sometimes happens that the second- 
ary or light railway may have been con- 
structed of the same gauge as the broad 
gauge through built as a light railway. 
This has the disadvantage of costing more 
per mile than if it had been constructed 
as a narrow-gauge line, but it has the 
advantage of. allowing the main line 
vehicles to run on to the secondary line 
without trans-shipment. It sometimes 
happens that these latter lines have been 
constructed under conditions which prev- 
ent this. In some cases the track is not 
strong enough to carry the axle loads of 
the rolling stock of the main line, in 
other cases the loading-gauge is too small 
and necessitates trans-shipment. This is 
the case for example on the Brescia- 
Mantua-Ostiglia Railway, a secondary line 


of standard-gauge (41.435 m., or 4/ 8 1/2") 
on which the vehicles of the /talian State 
Railways cannot run although of the same 
gauge. The mean price for trans-ship- 
ment at Mantua was at the same period 
30 centimes per ton. 

All these particulars enable the effect 
of break of load on cost of transport to 
be calculated. 

Actually the direct cost of trans-ship- 
ment is equivalent to an extra distance 
of m miles on the branch line and it 
increases the rate by a decreasing per- 
centage as the distance run is increased. 
The cost of transport per ton-mile is less, 
including capital charges, on the narrow- 
gauge line, but to this must be added the 
cost of trans-shipment which is heavier 
for the first few miles of the distance. 
The distance beyond which it is prefer- 
able to adopt trans-shipment than to con- 
struct a branch line of the original gauge 
can easily be ascertained. 

When exchange of goods takes place 
between two railway systems of equal 


importance, but of different gauge, and 


particularly when it is necessary to carry 
a large quantity of goods in bulk, the 
rate per ton trans-shipped may be in- 
creased on account of the additional 
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expenditure due to the charges on the 
greater capital invested in the construc- 
tion of the line. It is then possible to 
instal a stage for enabling wagons with 
tipping sides or hopper wagons to be 
used. 

The cost of trans-shipment carried out 
under these conditions is lower, and be- 
fore the war it was from 10 to 415 cen- 
times per ton, to which should be added 
interest and depreciation on the extra 
capital invested (1). 


II. — TRANS-SHIPMENT OF WAGON BODIES. 


Use is frequently made of movable 
bodies when it is a question of large 
quantities of goods such as_ bricks, 
briquettes or tiles which cannot be trans- 
shipped by using hopper wagons or other 
similar means. This system has the 
disadvantage of increasing the dead 
weight hauled, but it is cheaper than 
simple trans-shipment on the level. It is 
also necessary to increase the expense 
incurred by the cost of the permanent 
installation that enables the loaded bodies 
to be handled either by cranes that lift 
the body with its contents direct, or by a 
combination of a pit, or staging, with 
rails, or by trolleys arranged on the trucks 
or above them. 
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a) Trans-shipment of bodies by means 
of cranes. 


~ 


This arrangement was in use on the 
following railways : 


The Anzin Ratlway (*). — Exchange 
of coal with the French Northern Rail- 
way at Denain, where there was a Renard 
trench. The movable bodies contained 
1.7 tons (3 750 Ib.) of coal. Six of these 
were carried on each 10-ton net wagon. 
Trans-shipment was effected by a steam 
crane, the two railway tracks being placed 
8 metres (26’) apart. The cost was 8 cen- 
times per ton, pre-war. 

French Western Railway (*). — Trans- 
shipment with the Breton railway system 
of metre gauge worked by it. 

The slates are loaded in special frames 
each holding 3 tons (6 600 Ib.), weighing 
0.34 ton (750 lb.) empty and costing 
275 fr. each (pre-war). Dimensions : 
2m, <2 meio, <.0ams 60 (60 7") <.55. 97 


< 2’). Three of these frames are carried 
on each 10-ton wagon. Annual traffic : 
8 000 tons. 


Paris-Orleans Railway. Similar 
frames are used for exchange with the 
lines of the General Light Railway Com- 
pany (Société générale des chemins de 
fer économiques) at Villefranche-d Allier, 


(4) The table given here of the cost of trans-shipment of goods by using a raised track with or without 


interniediate hopper (in 1910) was as follows : 


Cost Cost per 
Raltway. Locality, _ perton, | 10-ton wagon, 
¥ in centimes, in franes. { 
Prussian State Railway, 4.50 to 2.00 | Ordinary wagon. 
4.00 max. -| Narrow wagon with drop bottom. 
Western Ry of France. } Chateaubriant. 15 : Fuel by means of shovels. 
10 Limestone, 

TranscaucasianRailway.}| Sharopon . tS 4.25 Manganese 600000 tons per an- 

num; Darrow wagon side tipping. 
Great Western Railway. }| Chirk 17 000 tons of stone per year from 

the Glyn Valley Railway. 
Bengal-Nagpur Railway. | Gonda 4.25 max. | With intermediate hopper. 


(2) Particulars communicated to the Berne Congress in 1910. 


100 


where 10000 tons of fuel are trans- 
shipped annually. 


b) Container system. 


For some time past a system has been 
in use in the United States which differs 
slightly from that of movable bodies. 
It is only used to make trans-shipment 
between lorries and railway wagons easier, 
but it can be used under the same con- 
ditions for trans-shipment between wa- 
gons of different gauges. Actually it is 
a system that has been in use in Europe 
for many years and reappears here under 
a new name. It is used in particular for 
the carriage of luggage between Paris 
and London by the French Northern 
Railway and the South Eastern & Cha- 
tham line and the Channel steamers, the 
containers in this case are of wood. 

In the United States there are arranged 
side-by-side on a flat topped low-sided 
wagon a series of large metal boxes the 
double doors of which are kept shut by 
the sides of the flat wagon. The con- 
tainers may be partially filled and they 
have the further advantage that they 
cannot be opened during the journey, 
which reduces the loss by theft and 
damage. 

The River & Rail Transportation Co. 
of St. Louis were constructors of the 
Trinity Freight Unit. For this, contai- 
ners are used of 2 1/2 or 10 tons capacity. 
The truck carries, according to circum- 
stances, 20 containers of 2 1/2 tons or 5 
of 10 tons. The cost of the apparatus 
enabling the containers to be secured to 
the truck is estimated at $250 and the 
five 10-ton containers cost $1000 (+). 
The United States Government Railway 
Administration estimated the saving 
resulting from their use at 300 to 400 %, 


(4) Railway Age Gazette, 1920, II, p. 545. 
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without taking into account the accelera- 
tion in the work of trans-shipment. 
Deduction should be made from this say- 
ing, however, on account of the cost of 
the cranes necessary for these trans-ship- 
ments. 

The New York Central Railway uses 
containers for mail service (1) arranged 
on standard wagons 6(/ long. These con- 
tainers, nine in number are 9! « 6! x 7! 
high inside and have each a capacity of 
6 000 Ib. 

The Merchants Despatch Transporta- 
tion Co. uses wagons 46’ long carrying 
three containers each 15/ long. It uses 
these to reduce the amount of compensa- 
tion to be paid on account of theft and 
damage which in 1920 were 300 % greater 
than in 1914. 

The South African Railways at Durban 
use a similar arrangement made by the 
Canadian Car & Foundry Co. They use 
five containers of 10 to 12 tons each per 
flat low-sided wagon. 


II]. — TRANSPORT OF THE LOAD AND OF THE WAGON 
CONTAINING IT OVER TWO LINES OF DIFFERENT 
GAUGE. 


This method, which avoids trans-ship- 
ment as generally understood, can be 
effected by one of the three following 
methods which apply to the rolling stock, 
or to the track, or to both : 


A) by dealing with the rolling stock 
alone trans-ship vehicles can be used run- 
ning on a track of one gauge and carry- 
ing the rolling stock of the other gauge; 

B) by dealing with the track alone, this 
is equipped with additional lines of rail, 
the mixed section comprising both gauges 
and enabling both kinds of rolling stock 
to be run over it; 

C) dealing with both track and rolling 


(4) Railway Age Gazette, 19241, I, p. 314. - 
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stock, by the use of vehicles with bogies 
or so-called « extensible » axles or inter- 
changeable axles and of a section of track 
or a special installation that enables the 
rolling stock to be converted rapidly from 
one gauge to the other. 


The first method has the disadvantage 
of increasing the dead load hauled and it 
requires the use of auxiliary rolling stock. 
The second requires a considerably greater 
outlay of capital on the original equip- 
ment. The third involves slightly in- 
creased cost of installation only and, if 
it were generally adopted, it would with- 
out doubt be the best of the three meth- 
ods; it is however, in the experimental 
stage as yet. 

We will deal with these methods in 
order and briefly. 


A) THE USE OF TRANSFER VEHICLES. 


The principle of the system consists in 
transporting the loaded vehicles on trans- 
ship trucks, or less frequently on trans- 
ship wagons running on the track of the 
other gauge. This enables the branch 
line not only to eliminate the cost of 
trans-shipment but also to reduce its total 
number of wagons. 

If, notwithstanding this, it can charge 
the trans-shipment rate, it will be able to 
distribute it over the total mileage run by 
trans-ship vehicles. The charge collected 
by the main railway for rolling stock 
must also be taken into account, but in 
many cases the time that this rolling 
stock stands idle would be reduced by the 
use of trans-ship vehicles; frequently also 
no charge is made for demurrage. 

We will now consider briefly the con- 
ditions which should be met by a line of 
narrower gauge in order to be able to 
use trans-shipped vehicles, because it 
would not only be necessary that its load- 
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ing-gauge should allow the passage of the 
broad-gaug» rolling stock over the narrow- 
gauge track, but also that the track should 
be able to carry it. ; 

The road bed has generally a sufficient 
width and the loading-gauge allows the 
passage the more easily for the reason 
that the lower part, which is often the 
narrower, need not be considered, be- 
cause of the extra height to which the 
broad-gauge wagons are raised when 
trans-shipped. 

Under-bridges are usually of adequate 
dimensions. At the most they only re- 
quire to be widened by corbelling for the 
footways. Over-bridges seldom exist on 
lines of this class; they must be of a 
minimum width of 4 m. 50 (14/ 9”) and 
height of 4 m. 70 to 4 m. 80 (45’ 5” to 
ABE 9). 

The bridges and track are generally 
strong enough, because normal-gauge 
wagons are carried on bogies or trans- 
ship trucks with four axles, of which the 
axle-load is less than that on the driving 
axles of the narrow-gauge locomotives. 
Nevertheless, it would be necessary to 
make provision, at exchange stations, for 
the space necessary for trans-shipment 
which varies according to the system 
adopted. 

Finally it would appear that, when 
trans-ship vehicles are used on a small 
scale they may render great services, be- 
cause they enable works and other con- 
cerns to be put into direct communica- 
tion with the normal-gauge track which 
would not otherwise be the case. 

When they are used extensively, it is 
necessary to consider whether it would 
not be well to alter the section of line 
in question to a three or four rail track 
or even to convert it to the broader gauge. 
We should, however, say that this may 
not be necessary and that each case must 
be considered on its merits. 
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The use of transfer vehicles is much 
greater than is generally supposed to be 
the case; thus we may mention a number 
of examples grouping these into three 
classes (+): 


a) Transfer bogies; 

b) Transfer wagons; 

c) Transfer vehicles for boxes on small 
wheels. 


a) Transfer bogies 


The cost of a pair of Langhbein bogies 
— those most in use — was (pre-war) 
3500 fr. The cost of a sunk pit having 


(4) Table of railways using transfer vehicles. 


Aarau Schoftland . . . . Bogies. 
Barsi Light Railway Wagons. 
Bavarian State Railway . . Bogies. 
Belgian Local Railways . . Bogies. 
Berne-Soleure Railway. . . Wagons. 
Bern-Worb Railway Wagons. 
Bern-Zollikofen Wagons. 
Bienne-Anet . Wagons. 
Bienne-Macolin . Wagons. 
Brienz-Meiringen ‘Wagons. 
Brunigbahn Wagons. 
Deux-Sévres . . . : Bogies. 
Geneva Electric Tamas Bogies. — Wagons. 
Kolding Egtveld . Bouse 
on small wheels. 

Langenthal-Jura. . . Wagons. 
Leek & Manifold Light Rail- 

way é Wagons. 
trontrecs” Bernese Onesaeds Wagons. 
Munich Local Railway. . . Bogies . 
Norwegian State Railway. . Bogies. 
Paris-Lyons-Mediterranean . Bogies. 
Prince-Henry Railway. . . Bogies. 


Prussian State Railway 
Saignelégier- La - Chaux -de- 
HONS baie oie ob) seo cee Wagons. 


Bogies. — Wagons. 


Saxon State Railway Wagons. 
Schaffhausen Tramways Wagons. 
Worblentalbahn . : Wagons. 
Wiirtemberg State Tale Vers Bogies. 


Wynenthalbahn. . . . . Bogies. 


capacity for ten bogies may be estimated 
at 2500 fr. Then calling 

p, the number of pairs of bogies; 

T, the annual tonnage; 

a, the number of pits; 


f, the cost in franes of labour of trans- 
shipment of one ton of goods. 


Then the total cost of installation with 
Langbein bogies per annum is : 
(3 500 p + 25004) (0.45 + 0.02) 
+ Ae ee 
T 
85 (Tp + 5a) 
i 


=f+ 


taking interest and depreciation at 15 % 
and the annual cost of maintenance at 
2 % of the cost of the special installation. 


In some countries, particularly in 
Austria, the number of bogies has been 
limited to one set per train; in others 
such as Wiirtemberg it has been made 
a rule that they must be fitted with 
brakes. From the point of view of safety 
it does not appear that these precautions 
are necessary. Elsewhere, and particu- 
larly at Forst, trains are made up consist- 
ing entirely of these bogies connected to 
each other and to the locomotive by rigid 
draw-rods and run quite satisfactorily. 


The maximum speed of 15 km. (9.4 miles) 


per hour should not be exceeded. 


The use of transfer bogies has been 
considerably increased during the last 
few years in Germany and in Austria 
and has even reached a mean figure of 
62 wagons per day on the line that carries 
most traffic and distributes the wagons 
of the main railway line picked up at 
the station and delivered to the numerous 
works of the same town. 


The following are some particulars re- 
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lating to the use of the Langbein, or 28 tons gross of alcohol including the 


similar bogies, on a number of railways : 


GERMANY. — Prussian State. — On 
53 trans-ship installations between lines 
of different gauges in existence in 1910 
there were in use : 


‘Langbein bogies on eight of these; 

Transfer wagons on two others; 

Arrangements on the level or by stag- 
ing elsewhere. 


Bavarian State Raitway. — This ad- 
ministration has used the Langbein 
bogies since 1887. 


Municu Locat Raitway. — This com- 
pany has the most complete installation 
of Langbein bogies. It is located in the 
town of Forst and it runs from the 
standard gauge railway station into the 
town of Forst over a metre-gauge track 
to which 77 works are connected. The 
annual traffic carried by Langbein bogies 
is 230000 tons, of which 190 000 tons 
is coal arriving by the main line railway. 
This requires an exchange of 60 to 
80 loaded wagons and as many empties 
per day. The equipment of the line com- 
prises 98 bogies and 3 pits (at Forst 
station) each for ten pairs of bogies. 


WiirtemBerc State Ratbway — This 
administration generally uses these bo- 
gies. 


France. — State RatLway System. — 
THe Devux-Sivres Tramways. — Since 
1902 this Company has used 7 pairs of 
bogies on the Saint-Maixent line over the 
3.5 km. (2.2 miles) connecting the Mardre 
distillery with the Melle station of the 
French State Railway System. The pre- 
war traffic was 35 standard-gauge wagons 
per day and has since been more than 
doubled. These wagons carry from 25 to 
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weight of the tank. 

The bogies are generally arranged as 
special trains, but occasionally are attach- 
ed to the rear of passenger trains. 

The tires of the standard-gauge wheels 
are carried at a height of 0 m. 38 (4’ 3”) 
above the level of the rails. 


Paris - Lyons - MEDITERRANEAN RAILWAY. 
— Bogies of the same class are used in 
Haute-Savoie from Le Fayet to the Chedde 
works. This is connected to the metre- 
gauge track running from Le Fayet to Cha- 
monix by a private siding of standard- 
gauge. It was arranged thus in order to 
receive and load in the works standard- 
gauge wagons coming from or destined 
for beyond Le Fayet where the narrow 
gauge begins. They differ from the pre- 
ceding in two characteristic features : the 
wagons of standard-gauge are not raised 
so high, the tread of the wheels being 
only 0 m. 23 (9”) above the level of the 
rail and the coupling in this distance is 
not made between the bogies, but directly 
between the loaded standard-gauge wag- 
ons. There is an intermediate coupling- 
vehicle between the first of these latter 
and the locomotive, or the narrow-gauge 
rolling stock which precedes it; this in- 
termediate wagon is fitted with coupling 
and buffing apparatus corresponding to 
both the gauges. 


Beterum. — Narionat Licut RatLways 
Company. — This Company has made use 
of a few bogies, but has not gone further. 
On ‘the other hand when it is a question 
of sufficiently large traffic between its 
railway system and the standard-gauge 
railway system it uses a four-rail track. 


Luxempourc. — PrincE-HENRY RAILway. 
— Exchange between the standard-gauge 
tracks and a narrow-gauge track at Grund- 
hof is made exclusively by means of these 
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bogies the line not being equipped with 
other rolling stock. The tonnage which 
consists of the output of and the supplies 
to the Dillingen quarries, amounts to 
15.000 tons per annum. The equipment 
consists of six pairs of bogies and two 
pits. The cost of installation (including 
interest and depreciation) amounted to 
27 centimes per ton (pre-war). 


Norway. — In Christiania the bogies 
are used to avoid trans-shipment of cer- 
tain classes of goods only, between the 
Norwegian Western Railway System. of 
normal gauge 1 m. 435 (or 4/ 8 1/2”) and 
the Eastern Railway System 1 m. 067 (or 
3’ 6”) gauge and vice versa. The equip- 
ment comprises five pairs of bogies on 
the narrow-gauge line and three on the 
normal-gauge line. 
SWITZERLAND. — GENEVA ELECTRIC 
Tramway Company. — This Company ar- 
ranged for the use of Langbein bogies at 
the time of the Geneva Exhibition in or- 
der to avoid the trans-shipment of a quan- 
tity of goods arriving at Cornavin station 
by normal-gauge track.. In a very short 
period it carried in this way 240 wagons 
for the opening and 290 at the closing of 
the Exhibition, and greater use was after- 
wards made of the bogies. 

In 1909 as the result of the construction 
of twelve sidings to works (gas works, 
flour mills, tile works, machinery works, 
etc.), the number was increased to 18 
pairs which carried 7500 wagons, or more 
than 90000 tons during the year. The 
mean distance run is from 3 to 4 km. 
(2 to 2 1/2 miles) with the exception of 
a hundred wagons of fuel and wine carri- 
ed 18 km. (41 miles). 

The system worked without trouble, ‘so 
well in fact that the Company adopted the 
principle. Following on this it ‘ried 
trans-ship wagons instead of the Lang- 
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bein bogies and finished by abandoning 
these in favour of wagons. For this rea- 
son this application is of great interest. 


6) Transfer wagons. 


Transfer wagons are less used because 
their tare is from 20 % to 25 % greater 
than that of the bogies. On the other 
hand they have the advantage of being 
able to carry, equally well, stock with two, 
three, or four axles, whereas the bogies 
can only carry four-wheel wagons. 


Germany. — The Prussian State Ralz- 
way used transfer wagons in 1910 in two | 
of its exchange stations only. 


The Saxon State RaiLway made more 
use of them. Their wagons are flat- 
topped, low, bogie wagons with two or 
three axles to each bogie and fitted with 
rails of standard gauge arranged in a 
longitudinal direction. These wagons 
serve for exchange between the railway 
systems having tracks of standard 
4’ 8 1/2” gauge and the 0 m. 75 
(2' 5. 1/2”) gauge of this administra- 
tion. f 


ENGLAND. —— The Leek & MANiFoLp 
LicuT RatLway, a small railway 0 m. 76 
(2’ 6”) gauge 13 km. (8.1 miles) long 
uses almost exclusively transfer wagons 
constructed by Cravens, on the Calthrop 
system, for the whole of its wagons. 
The wagons carry on each side a track 
18” wide with a groove that makes it 
equivalent to the rail for vehicles of 
normal gauge. These are carried at a 
height of ten inches above the narrow- 
gauge rail level. 


The Barst Licut Rartway uses similar 
transfer vehicles. 


SWITZERLAND. — In 1910 there were in 
Switzerland five railways and one private 
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(works) railway having in all six transfer The rate at which the use of these vehicles 
wagons and thirty-six pairs of bogies. has since grown is shown in the table. 


TABLE 47. 


Table showing the number of transfer vehicles used in Switzerland from 1912 to 1917. 


Number of 
Number Length Axle- 
YEAR. , of i of line worked, Clos 
railways. ee Woe vais pagien: in kilometres. : 
41912 ti 27 36 4194 576 000 
41913 9 40 36 2419 667 000 
4914 10 57 36 230 689 000 
4915 41 62 36 255 717.000 
4916 413 72 36 341 4 067 000 


86 1 278 000 


It will be seen that the use of pairs of TABLE 48. 
bogies (1) has not increased and that - : 
transfer wagons are preferred to them Transfer 
~ and used even on gradients amounting “with. 


four axles. 


to as much as 1 in 15 1/2. The max- 
imum speed permitted is 25 km. (15.5 


miles) per hour except for the recent Tea sesys 
spring-suspended arrangements for Brunig Railway. . . . . . AT 
which speeds of 45 km. (27.5 miles) per Aarau Schéftland . . . . . | (48 Langbein 
hour are permitted. bogies). 
Table 48 gives data of the use of trans- ee cui, cae rae 4 
fer wagons in Switzerland (*) on the FOS Ba Ow Nees 15 
4°* January 1921. Bienne-Macolin . 2 
: Bienne-Anet . 5 
MoNTREUX-BERNESE-OBERLAND RAILWAY. PERT Z 
— The transfer wagons (?) of this com- Pes a ; 
pany belong to the metre-gauge track pO ee ape ‘ 
used for electric traction from Zweisim- Parcs eet se sey ber land . : 
men to Lenk. These are flat-topped fegeuen o eeiaurde-Honds 
vehicles with dropped frames and with pamper eo? Sy ba) S 
bogies. They are fitted on each side CBOSS a a AD. ay 
Wynenthalbahn. . . . .. «| (20 Langbein 
bogies). 
(1) Particulars supplied by the Swiss Ministry of Tramways. 
Posts and Railways. Geneva Electric Tramways . . 27 
(*) According to the Official Statistics of Railways. Schaffhausen Tramways. . . 1 


(3) Called « trucs » (bogies) by this railway. 
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with rails of standard gauge between the 
inner faces and capable of carrying a 
standard-gauge vehicle of a maximum 
weight of 30 tons. Their tare weight is 
6.9 tons (45 200 Ib.). 

In 1916 this railway had in service 
three of these vehicles fitted with ball- 
bearings and loose-running wheels on 
the system devised by the Fabrique Suisse 
de Schlieren and by the firm of Schmid- 
Roost. On trial they attained a speed 
of 50 km. (31.4 miles) per hour, and they 
are fitted with a Hardy automatic vacuum 
brake giving pressures on the brake shoes 
of 5.4 tons, 10.8 tons, and 16.8 tons 
(11900, 23800 and 37000 lb.). The 
resistance to traction on the straight is 
2 kgr.3 per metric ton (5.14 Ib. per 
English ton) (it is 5 kgr.3 per metric 
ton [11.9 Ib. per English ton] with or- 
dinary plain bearings). (Fig. 11.) 


BRIENZ-MEIRINGEN RAILWAY. The 
transfer wagons of this line of metre 
gauge, which was opened for working on 
the 23 August 1916, closely resemble 
those just described. They were made by 
the Ateliers des Chemins de fer Fédéraux 
(Swiss Federal Railway Works), the 
Fabrique suisse de wagons Schlieren (of 
Zurich) and the Société Industrielle suisse 
de Neuhausen (of Schaffhausen); they 
have a tare weight of 8.5 tons and a 
carrying capacity of 30 tons. They are 
fitted with a Westinghouse brake, and 
are piped for steam heating, enabling 
them to be inserted into any train. 

The tread of the wheels of the standard- 
gauge wagon is carried at 0 m. 525 
(1’ 8 5/8”) above the level of the rail. 
A transfer wagon can carry wagons of 
which the maximum distance between 
axles amounts to 7 m. 90 (25/ 44”). If 
this distance is exceeded, the wagon is 
loaded on two transfer wagons the wheels 
being fastened at one end only of the 
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transported wagon. The following are 
the main dimensions of the transfer 
wagons in use on this railway : 


Length over buffers . . _ 10m. 00 (32! 10") 


Length of underframe 9 m. 28 (30' 5") 
Width of underframe. . 14m. 44(4' 9”) 
Width over side carrying rails. 4m. 68 (5' 7”) 


Height of side carrying rails. . 
Height of centre of buffer ~ 
Diameter of wheels 

Wheel base of bogies. 

Centre to centre of bogies . 
Over-all wheel base . 


Om. 525(1'85/8") 
0 m. 65 (2! 4/2") 
0 m. 68 (2'23/4") 
4 m. 20 (3' 44") 

5 m. 50 (18! 1/2") 
6 m. 70 (22') 


GENEVA ELECTRIC TRAMWAY CoMPaNy. — 
This Company has for a long time been 
using transfer vehicles for effecting 
direct working without trans-shipment, 
between Geneva-Cornavin, the exchange 
station, and the large railway systems and 
the works and warehouses of the area 
served by it. 


It commenced by using Langbein 
bogies, which it abandoned in favour of 
transfer wagons analogous to those of 
other Swiss railway systems. 


The GENEVA TRAMWAY CoMmpaNY uses 
them on distances varying from 3 to 
22 km. (2 to 13.6 miles); the annual 
traffic exceeds 8 000 wagons, and prov- 
ides 70 % of the total receipts from 
goods traffic. 

The rolling resistance of these wagons 
is small and the consumption of current 
required for hauling them is not ab- 
normal. Trials have been made with 
trains consisting of a 19-ton tractor, of 
two transfer wagons weighing together 
9 tons empty and 39 tons loaded, and of 
two ordinary wagons each weighing 
8 tons; the return journey being made 
empty the train weighed only 44 tons 
instead of 74. Under these conditions 
the mean consumption for the out-and- 
home trip, which required to be con- 
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3 Transfer wagons for special trucks e 
fitted with small wheels. 
4 The two systems Paves we have ji 
- examined enable a vehicle which runs on ~ 
a line of one gauge to be transported wit 
over a track of different gauge by means 
of a transfer vehicle. The system with 
which we are now going to deal differs 
; radically in so far as it requires the use 
3 of transfer wagons on each of the gauges 
in question. The trans-shipped vehicle 
is then a mere box fitted with small 
wheels. 


Denmark. — Trans-shipment between 
the Danish Stare Rattway and the 
NARROW-GAUGE RAILWAY FROM Koupine TO 
EcrvELp. 

- Flat-topped. wagons are used each © 
fitted with two lines of rails in a longi- pantie in ae rinse - 
tudinal direction. The movable boxes exchange station. But t 

‘en? are carried on wheels 0 m. 16 (6 1/4”) or — Tails oe a great deal; nn Hie Fe 

_~ diameter which can run on the. rails. 

The trans-shipment is made by backing | 


Re ¥ the standard-gauge and narrow-gauge trans- meee over this ies Pons 
7 _* wagons together and laying the ends of is sufficiently large. 
. flying rails across from the one to the _b) The second class allows. wagons of 


other. ~The narrow-gauge track should one line built to a particular gauge to 
sag be raised above the height of the stan- connect ie ue another line of see same 
fi _ dard-gauge track in order that the floors 
of the wagons may be at the same eS 
the normal heights of the floors are : 
@:m. 83 (2/ 9”) and 1 m. 23 (4 7/16”). 
; ; Twenty-four narrow-gauge wagons and © To f 
six standard-gauge wagons have been are salaid oloeeh to one > anil Ps 
fitted with these auxiliary rails. The — c) The third class of lines, with thie 
Company has 60 boxes six of which are_ ne a rail, is that used on temporar 
covered and used for carrying perishable nel 
articles of food and also for the sugar 
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Throw-over for common rail without crossing (Frogless switch). 
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Mixed-gauge points. 
Fig. 12. — Prince Edward Island Railway. — Mixed-gauge tracks. 
is then laid to the new gauge before re- The following are the particulars of the 


moving one of the old rails and a section railways of each of the three classes : 
is worked temporarily with mixed gauge. 
We have quoted examples in speaking of 
the English Great Western Railway, of 
the first South African Railways, of the 
Prince Edward Island Railway System, “GERMANY. — West GeRMAN RalLway, — 
ete. 44 km. (27 miles). 


a) Sections of line with three 
or four rails. 
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Beterum. — Nationa, Ligut Raitways 
Company. — This Company, of which the 
greater part of the railway system is metre 
gauge, has however some lines of stan- 
dard-gauge. Moreover, to connect some 
points on the metre-gauge line with sta- 
tions of standard-gauge, and to avoid the 
trans-shipment of heavy traffic, it has 
fitted some sections with three or four 
lines of rail (+) (figs. 14 and 15). 


France. — Axsace-LorraIne RAILway. 
— The section ‘from Colmar (station) to 
the port 5.670 km. (3.523 miles), .is laid 
with three rails. There are also 38.020 
km. (23.624 miles) of four-rail track. 


FRENCH SOUTHERN Raitway. — 4150 km; 
(93 miles). 


Frencu NortHern Rattway. — The only 
sections with four rails are the following 
(fig. 13): 


Saint-Just to Plainval (to- 
wards Montdidier) . 


Vicinity of Saint-Roch 


2km. 400 (4.490 miles) 
0 km. 692 (0.43 mile) 


Vicinity of Frévent 


Line from Noyelle toSaint- 
Valéry . eee 


Okm. 393 (0.245 mile) 
5 km. 585 (3.470 miles) 
9km. 070 (5.635 miles) 


Intermediate wagons are only used on 
the last-section; they run on the narrow- 


- gauge track. 


Paris-LyoNs-MEDITERRANEAN SYSTEM. — 
Section of 4 km. (2:48 miles) from Bour- 
bon-Lancy (station) to the town, belong- 
ing to the Departmental Railways. Mixed- 
gauge track of standard and metre-gauges 
with four lines of rail. In 1907, there 
were 500 standard-gauge wagons running 
over this of which 235 were cattle wagons. 

There is also a similar section 4.244 km. 


‘(2.636 miles) long between Vichy and 


Cusset; intermediate wagons are used on 
both these sections. 


(4) Sections of line common to the Belgian Light Railways Company 
and to the Belgian State Railways laid with three or four rails. 


SECTION OF LINE 


With four. rails. 


Main. 


With three rails. 


Supplementary. Main. Supplementary. 


ane ee ee errr === 


Metres. 


Moll (Donck) to Moll (station) . 
Branch to Brussels (abattoirs) . 
Branch to Cureghem (abattoirs) 
Common section to Heyst 
Espierres to Warcoing 

Common section to Baudour 
Neufvilles (station) to the Buses 


Chimay to Forges. . 
Ouffet-Comblain-au-Pont. : nihse 
Mons (Crotteux) to J omen sur-Meuse . 
Various connections . 


Sections common to the tramway companies : 


963 


With the Liége tramways . 
With the Brussels tramways 


Totals. 


Metres. Metres. 


1 159 
226 


Metres. 


766 
4 870 
1 489 
3 429 
| 2 095 


46 5412 
— 


11 034 
57 546 


Finally the Departmental Railway sys- 
tems use and are laying three or four 
lines of rail on the road-beds of the Pa- 
ris-Lyons-Mediterranean system : 


Fig. 44. — Branch with four- rail tracks. 


‘Paris-ORLEANS, Rattway. — The total 
length of braneh lines laid with three 
rails is 1537 m. (1680 yards) and with 
four rails 1127 m. (4 232 yards). 

Moreover, the line from Argent to Gien 
is laid with four rails from Argent sta- 
tion for a length of 380 m. (415 yards) 
of main track forming a common trunk 
line, followed by a section of 820 m. 
(897 yards) of three-rail line towards 
Gien (included in the branch lines above). 


Soutn Arrica. — During the period of 
conversion of the normal-gauge leaving 


- 
On the line from Givors to La Voulte ; 2 158 m. 
and 899 m. (2 360 yards and 973 yards); 


On the line from Cravant to Les--Laumes : 
624 m. (679 yards). 


Belgian Light Railways Company. 


Cape Town into the 3/ 6” gauge which had 
been adopted for the general railway ‘sys- 
tem, a third rail was used over a great 
portion of the 4’ 8 1/2” lines (we shall 
give details when dealing with the stan- 
dardization of railway systems). 


b) Lines with three or four rails. 


The length of lines of the second class 
does not follow the same rules. 
fact a question of a connecting line which, 
owing to local conditions, follows the 
same route as a portion of the existing 


It is in 
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line laid of a different gauge. Questions 
of tonnage and interchangeability of traf- 
fic between the lines that are to be con- 
nected are alone of importance; more- 
over, lines of mixed gauge may be short or 
may be very long. We will quote some 
examples grouping them by Continents. 


Europe. — ENGLAND. — The most com- 
plete example of mixed gauge tracks is 
that of the old Great Western Railway at 
the time of « the battle of the gauges » 
during which the third rail was laid over 
very long sections in order to avoid trans- 
shipments. 


In FRANcE an interesting example is 
that of the standard-gauge section of the 
French Northern Railway system between 
Noyelles and Saint-Valéry. Two lines of 
metre gauge of the General Light Railway 
Company (Société générale de chemins de 
fer économiques) join the main line res- 
pectively at Noyelles and at Saint-Valéry; 
a third rail was laid in 1887 between 
these two places in order to ensure the 
connexion of the two narrow-gauge lines. 


AMERICA. — THE ARGENTINE REPUBLIC. 
— The lines of the Port of Buenos-Ayres 
are almost all laid to the two gauges of 
4m. ‘and 1 m: 676° (536"), 


Brazit. — CENTRAL BRAZILIAN RAILWAY 
(State Railway System). — The Central 
Railway of 1 m. 60 (5/ 3”) leaving Rio 
de Janeiro passes through Parahyba do 
Sul (km. 187), Entrerios (km. 198), 
Lafayette (km. 462) to finish a tempo- 
rary terminus at Pirapora (km. 1006). 
Beyond Miguel Burnier (km. 498) it is 
metre gauge. 

The line known as the Auziliary line, 
of metre gauge, runs from Rio to Para- 
hyba do Sul (km. 168) by Estiva. A 
third rail was consequently laid over the 
3 kilometres (1.86 miles) common to 
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both from Rio as well as over the 414 
kilometres (7 miles) from Parahyba do 
Sul to Entrerios, an important centre. 
There is a broad-gauge branch line from 
this point to Porto Novo (km. 261) 
whence the continuation is by the metre- 
gauge line of the Leopoldina Company. 
The third rail has since been extended 
to Entrerios, its length from Parahyba 
do Sul being 63 km. (39 miles). (See 
fig. 20.) 

There was another section of mixed- 
gauge on the same railway from La- 
fayette (km. 462), to Miguel Burnier 
(km. 498) and thence to the sixth kilo- 
metre of the Ouro Preto mining branch 
line (km. 39) of the branch line (see 
fig. 21). The total length of mixed- 
gauge lines to 1 January 1911 was : 
418 km. (73.32 miles). 


Canapa. — For a long time Canada and 
the United States had lines of different 
gauges. When the bridge was ccnstruct- 
ed at Niagara this connected the Erie 
Railroad with the Great Western Railway 
of Canada, which was of broad-gauge, 
and a third rail was laid on the bridge 
as well as over 140 km. (87 miles) of 
the latter railway. 

It is only during the last few years 
that the unification of gauge throughout 
the Dominion has been completed, and 
this has been done since the taking over 
of the Prince Edward Island Railway sys- 
tem comprising 446 km. (277 miles), 
which had become the Insular Railway 
of the Canadian National Railways, of 
which the gauge was 3/ 6”. — 

But, as the financial conditions were 
not good, the change over was made by 
stages and some sections were tempora- 
rily laid with three lines of rail to cover 
the two gauges of 4’ 8 1/2” and 3! 6”. 
The beginning was made on the 47 miles 
of main line from Charlottetown to Sum- 
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merside and on the branch from Emerald 
Junction to Borden (13 miles) where 
trans-shipment was avoided by the Port 
Borden to Cape Tormentine T'rain-ferry. 
This third rail had to be extended beyond 
Summerside to Tingish. 

The track was so laid that the centre 
of the standard gauge track came in the 
centre of the sleepers. It was therefore 
necessary to move the inside rail corres- 
ponding to the narrow-gauge track 
inwards by half the difference between 
the two gauges. Usually the third 


rail was laid so that the North side 
of the track was wide but it was not 
possible to maintain this rule abso- 
lutely in consequence of the direction in 
which the points were taken. The diffi- 
culty was surmounted by using sometimes 
one rail and sometimes the other as the 
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common rail, the narrow gauge then 
crossing from side to side of the standard 
gauge (fig. 12). 


Cutt. — The metre-gauge railway 
from Coquimbo to Serena (km. 14) and 
Rivadavia (km. 94) has a mixed-gauge 
section between Serana Coquimbo in 
order to allow vehicles of the 1 m. 676 
(5’ 6”) gauge of the Ovalle-Coquimbo 
Railway (98 km. [64 miles]) to run on 
to Serena. 

In 1940, after it had been purchased by 
the State, the track of this last section 
was reduced to metre gauge. 


Asta. — BritisH INp1A. — In the Indies 
there are several sections of three-line 
tracks but these are less numerous than 
would have been at first thought. They 
are as follows (*) : 


TABLE 49. 
Section. CoMPaAnIEs. Miles. | re, Gauges 
Sirsa Kot Kapura . Bombay-Baroda & Central 4 
India Railway 26 42 4m. 67 and 4 m. 
Hyderabad Secunderabad. Nizam’s Railway . 6 10 = = 
Bhatinda Kot Kapura. North Western Railway . 27 44 = — 
Bahramghat Branch . Oudh & Rohilkhund Railway. ani 27 _ — 


Java. — The example of Java is one of 
the most interesting. 

Following the decision of the Com- 
mission of 1871 the State constructed its 
railways, for economy, to the 1 m. 067 
(3’ 6”) gauge. It thus made the large 
Eastern and Western Railway Systems. 

Prior to this the Dutch Indies Railway 
Company (Nederlandsche Indische Spoor- 
weg Maatschappij) had constructed a 
railway system of the standard-gauge of 
4’ 8 1/2" of which the concession for the 
first line had been granted in 1862. It 
ran from the Port of Semarang south to 


Solo whence it ran to the west to Djokja 
at 60 km. (37 miles) from there. 

The two railway systems of the State 
railways are separated by this section of 
60 km. In 1899 a third rail was laid 
over this section. 


Running of trains of mixed gauges on tracks, 
with four lines of rail. 


In the two classes of lines that we have 
mentioned the track can be laid with 
vat ye SO: | eS 

(4) According to the Indian Administration Re- 
port 1913-1914. 


can ie Hane ona peace with sited lines of 
rail on which the drawbar is thrown out. 
of centre. 


 gons it is possible to use the locomotives 
of the two gauges indiscriminately, 
On the four-line track of the Belgian 

_ Light Railways locomotives are used for 


By means of intermediate wa- Us 


_ ‘Fig. 


c) Traction on tracks with three lines 
of rail. 


AnToracasTa Rattway (Cuitr & Bott- 
via. — We have already seen that this 
railway has equipped long sections of its 
line with three rails, enabling rolling 
stock of metre or 0 m. 76 (2/ 6”) gauge 
to be used. 


In the month of June 1921 the laying 


of the third rail was completed on the 
2/ 6” section from Antofagasta to Baque- 
-dano at km. 96 of the main line, at the 
junction with the Northern 1 portion of the 
Chilian Longitudinal Railway, . Jaid of 


eS 


metre gauge and worked as the Antofa- 


gasta Railway. 

There has always been a disinclination 
to run trains of mixed gauges on three 
rails on account of the want of alignment 
of the draw-gear, but the Antofagasta Rail- 


way has made trials with regard to this — 


which have proved completely successful. 
It runs mixed trains in regular service — 
consisting of a consolidatic 
of metre gauge hauling, without. any in- 


termediate wagon, trains consisting ‘OL 


six 20-ton wagons of 0 m. _ 16 gauge up 
gradients of 4 in 33.3. It vas only neces- 
sary to arrange a flexible coupling be- 


ion locomotive ! 
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This system which works perfectly in 
. prantics, is worthy of attention and opens 
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The PRUSSIAN SraTe Ramway, ‘particu 


wagons for mixed trains, running on 
three-rail sections of the ine See" 


Extra cost of the mixed-gauge track over 
and above that of the narrow-gauge track. 


For the sake of elearness_ we will ae 
give the pre-war figures. Calling : 


n, the number of years; 
r, the rate of interest; 
1, the length of track in miles; 


is f, the cost of trans-shipment per ton, if 
there were no mixed-gauge track (in 
franes). 


i Slee The additional charges per mile for in- 
pes terest and depreciation are : 


: (30 0904227) Perc ry 
: Tee yr , per annum 


—- whereas the expense of trans-shipment 


formula is smaller than the second there 
is obvious advantage in using the mixed- 
gauge track. : 

The value given by the first formula 


3-4 increases rapidly with the length, on 
Zh. 2 _ which the second formula is indepen- 
ae dent. On the other hand the value given 
es = a : as 
poe 
ES 

; ‘ 


ing w pete Pk ae 
fe alee ‘of the narrow- v-gauge ‘track is 


new possibilities for the use of lines of — 


larly at Kerkerbach, uses intermediate — * 


b, the number of branches; 2 
i the total tonnage per annum; 7 


_ fixed at two different distances correspond- — 


ae would have been-fT. So long as the first | 


Ce to Beoire gauge. a: 
This evidently would be the best ‘sche, os 
tion if it could be carried out in Desig 
but it is at present only, in the experi- — 
mental stage. 


= é — 


Extensible axles. 


os 


The principle of this system eaRate 
in using axles to which the wheels can be 


ing to one rack or other. 


In aes 


hydraulic, pneumatic, a1 se 
wheels may be run over 
on Sere oe which the itted with check 
ve enn ke Res 


r 


119 


at its end to that of the narrow gauge. 

This requires the use of special ve- 
hicles which are only advisable when it 
has been a question of running over a 
long distance on each of the two tracks. 
This method has been applied in various 
countries, it would appear with some 
success but it has failed to come into 
general use, not on account of the defects 
or disadvantages inherent to the system 
itself, but because it is very little known 
and there is hesitation in adopting it. 

There are, moreover, cases of its appli- 
cation in Europe. A portion of the Rus- 
sian rolling stock which could subse- 
quently run on the German or Austrian 
lines of narrower gauge was fitted with 
axles that suited both the 1 m. 435 and 
the 1 m. 524 (4/ 8 1/2” and 5’) gauges. 

In China this system was applied on 
the Tscheng-tai Railway (Shan-si) of 
metre gauge and 250 km. (455 miles) 
long, which brings to the Peking-Hankau 
Railway of 1 m. 445 (4/ 9”) gauge a 
heavy coal traffic amounting to 2 000 tons 
per day (*). 

Trials have also been made with this 
system on the Franco-Spanish frontier. 
But it has the disadvantage of giving the 
axle an overhang of 50 % from the points 
at which the loads on the journals are 
applied. 


BraDForD AND Leeps Tramways (7). — 
We should mention the success of the 
double gauge applied on the electric 
tramways from Leeds to Bradford, the 
one of 4’ 8 1/2” and the other of 4/ gauge. 

Since about 1910 through cars have 
been run between the two systems which 
join at Stanningley. The tracks are con- 


(4) See Revue générale des chemins de fer ot 
December 1909, Le Génie Civil of 2 October 1909 
and the Annales des ponts et chaussées of novem- 
ber 1909. 

(2) See The Railway Gazette of 11 June 1915. 
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nected by a section over which there is 
a gradual diminution of gauge. 

The mechanism for mixed gauges, as 
applied to the cars of the Bradford Muni- 
cipality, was invented by Mr. Spencer, its 
Manager, and Mr. Dawson. The axles are 
fixed and the wheels, which are fitted 
with very long hubs, alone are movable. 

The mechanism of the Leeds tram-cars 
was invented by Mr. Watmough, Carriage 
Superintendent of this Company. The 
axles are movable and the wheels can 
slide horizontally and be fixed at the 
proper distance apart. 


Interchangeable axles 


Interchangeable axles appear to us to 
be preferable to extensible axles; they 
are necessarily stronger and any accident 
due to their use would have less serious 
consequences than would be the case with 
extensible axles. 

To effect substitution the vehicle is 
run into the shed over a pit similar to the 
Ramsay pit, on which the axles will re- 
main with their wheels and boxes when 
the body is lifted. It is then only ne- 
cessary to substitute the axles of the other 
gauge for those of the first gauge and to 
lower the body which can be done very 
quickly. 

Mr. Calthrop invented a system of this 
kind when he was designing his railway 
for the 0 m. 76 (2’ 6”) gauge and for a 
uniform load of 5 tons per axle for all 
the rolling stock. He thus substituted 
bogies of 2’ 6” track for the normal axles 
of the English four-wheel wagons. 

More recently, M. Puig has worked out 
a method of changing axles which has 
allowed of direct interchangeability be- 
tween the Spanish Railway System of 
1 m. 676 (5! 6”) gauge and the French 
Midi of normal 1 m. 435 (4 8 1/2”) gauge. 
Wagons of 20 tons capacity were con- 
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20 mm. (3/4"). 


ae the area time ( 
__ The transverse ( 


‘two gauges, that % ‘is sto say : kegs S23 fe oe f 


nan = 2m. 076 or (6'9 ses 


The thickness of the horn-plates is 
The suspension springs | 
are on the inside for the standard-gauge 


and on the outside for the broad-gauge. — 


The distance between centres of the 


_ buffers is also halved meted that of the 


two gauges thus : 


| LT te Toni £860 (644). 
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The bottom of the pit in which the 


substitution is made is fitted with four 
lines of rails; the body of the wagon 
which remains vine rarht rests then’ on 


(4) See Bulletin of the International Raitibay’ 


Association, March 1922, p, 597. 


further where they 
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to 24 a per ton, that is to say, less than way 
half the cost of simple trans-shipment on sy 
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(4) Particulars supplied ‘e the Ralway Congress 
at Berne in 1910. : 
(?) All these prices are for 1940. 
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BRITISH LOCOMOTIVES 


IN 1923. 


DESIGNS AND WORK, 


By J. F. GAIRNS, 


MEMBER, INSTITUTION OF LOCOMOTIVE ENGINEERS, 


MEMBER, INSTITUTE OF TRANSPORT. 


Figs. 1 to 8, pp. 124 to 127. 


I. — Designs. 


On the Great Western Railway princi- 
pal interest attaches to the new Castle 
class of four-cylinder 4-6-0 express loco- 
motives, the first of which is illustrated 
in figure 1. (See also a in table of 
dimensions appended.) The design, for 
which Mr. C. B. Collett, 0. B. E., has been 
responsible, is a development of the well- 
known Star class, introduced a - dozen 
years or so ago by Mr. G. J. Churchward. 
A new boiler is included and larger cy- 
linders, with the result that tractive 
effort is now 31 626 lb. at 85 % of full 
boiler pressure, compared with 27 800 lb. 
in the case of the ordinary four-cylinder 
class. The new engine therefore has, in 
view of the high steam pressure used, a 
greater tractive power than even the 
Great Northern & North Eastern Pacific 
engines described last year. 

Advantage has been taken of the in- 
creased length of the frame to provide a 
longer cab ‘than hitherto usual. This, 
coupled with the fact that no fittings pro- 
ject into the cab beyond the regulator 
handle, gives greatly increased space for 


the driver and fireman. The roof has 
also been considerably extended and the 
cab sides fitted with large windows, a 
further innovation being the provision 
of tip-up seats for the driver and fire- 
man. It will be noted that the engine is 
fitted with a copper top to the chimney, 
and brass safety-valve cover. The cab 
and splasher beadings are also in brass 
and the hand rails are now polished. 
This was the first engine to be turned 
out since the war with lining, etc., as in 
pre-war days. 

While referring to Great Western loco- 
motives, it may be mentioned that some 
of the engines belonging to railways now 
grouped with it have been fitted with 
Great Western standard boilers and 
fittings. A number of engines were 
built at Swindon during the year of 
various standard classes, principally for 
mineral and goods traffic. Forming 
part of the late Cambrian Railways system 
was a narrow-gauge line in Wales, the 
Vale of Rheidol (4 ft. 11 1/2 in. gauge). 
This was operated by 2-6-2 tank engines 
of special design, and to meet further 
requirements, Mr. Collett constructed at 
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x Mion engine gin Aina x 
& South Coast section, briefly ened oF 
last year, though it had not then been 
This is one of the 
big 4-6-4 express tank engines used be- — 
tween London and Brighton, but, ina, 
addition to bearing the name Remem~ 


q 
in 
> ve 


placed in traffic. 


brance, carries a plate lettered « In 


grateful remebrance of the 532 men of 
the London, Brighton & South Coast 
Railway who gave their lives for eee : 


country, 1914-1919 ». Further 4-4-0 
locomotives have een rebuilt at Brighton, 
as in the case of No. 55, illustrated in 
last year’s article. 


In 1919, Mr. R. E. L. Mantel design-_ 


ed for the South Eastern & Chatham Rail- 


way a 2-6-0 mixed-traffic locomotive. — 
Others have since been constructed, but 


whereas the class generally has two out- 


side cylinders only, No. 822, built in 1923 


(see fig. 2 and d in table), has three 
cylinders, all driving the central coupled 
axle. The outside cylinders are placed 
horizontally, while the inside cylinder is 


inclined at 1 in 8, in order to allow the 


connecting rod and crosshead to clear the 
leading coupled axle. The outside piston 
valves are actuated direct by Walschaert 
valve gear, the motion from which is 
carried forward so as to actuate a large 
2 1/3 to 1 cross lever with its 1 1/3 to 
1 floating lever arranged - horizontally 
across the front of. the engine, thus giy- 


ing the motion to the inside cylinder 


piston valve. Motion is taken from each 


outside pendulum lever to the cross 


levers. In this way the. valves of the 


cutside cylinder are kept horizontal and 


any variation due to expansion of the 
valve spindle or the wear of the Jink and 


in ores ie 


& Yorkshire sections the Joy valve gear 


performane 


“On ei onadees ‘& South SNiesiatas sec- 
tion a number of older 4-4-0, 4- 6-0. pe : 9 
0-6-0 engines have been modernised Dy: ee 
fitting pmperhehiey boilers, buh otherGieres 7 a 


terest to records in ree to: ne three si 
tions of the Southern Railway. ©. | 
In the case of the London Midland 
& Scottish Railway three engines call 
for illustrative reference. On both the 
London & North Western and Lancashire 


was very widely employed. On several — is P: 
occasions during the last few years, iad 
however, engines of some of these classes — a 
have had trouble due to the breaking of = 
connecting rods adjacent to the jack- — 
link pivot, and with a view to overcom- — 
ing this drawback Mr. H. P. M. Beames 
mechanical engineer (C: ), fitted 
several of the Prince of V Of: eg 
inside two-cylinder 4-6-0 engines aie Ets 
an arrangement whereby outside Wal- — ‘os 


schaerts valve gear operated fromthe 
outside coupling rod and a return: crank te 
will actual inside valves. As will be De 


seen from figure 3 (e) the combining 
lever is driven from the forward end of wri 


123 


the coupling rod, instead of from the 
piston crosshead, as usual. -The motion 
is transferred to the valve spindle inside 
the frames by means of a rocking shaft. 
The running board of the engine has been 
raised to allow a clearance for the work- 
ing of the gear, and this incidentally 
assists in making the side rod lubricators 
accessible on the top centre. 

Figure 4 illustrates a 0-8-4 tank en- 
gine (f) built at Crewe under the direction 
of Mr. Beames. This engine, which is 
an enlarged design of the 0-8-2 side tank 
shunting class built in December 19114, 
was designed at Crewe in 1921. The 
outstanding features are : increased tank 
and coal carrying capacity, enlarged axle- 
boxes, slide-bars and horn-blocks, addi- 
tion of a superheater, mechanical lubri- 
cation of all journals, and of cylinders by 
a Detroit displacement lubricator. The 
engine is fitted. with a special design of 
reversing gear, enabling either wheel or 
lever to be used at will. The valves are 
actuated by the Joy gear. These engines 
have been built for mineral and _ local 
passenger working on the heavy gradients 
‘in South Wales. 

Mention was made in last year’s article 
of a class of 4-6-0 engines built by 
Mr. W. Pickersgill, mechanical engineer 
(Glasgow), for service on the steeply 
graded Callander & Oban line. One of 
these is illustrated in figure 5 (g). In 
general it is an adaptation of Mr. Pickers- 
gill’s three-cylinder 4-6-0 main line design, 
but with two cylinders only and with 5 ft. 
6 in. coupled wheels as compared with 
the 6 foot wheels of the express engines 
and the 5 foot wheels of the McIntosh 
engines which have hitherto worked the 
Oban line. 

In regard to other London Midland & 
Scottish locomotives mention may be 
made of an improved 0-8-0 mineral class 
(h) introduced by Mr. G. Hughes. The 
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design is a development of that introduc- 
ed in 1916, but fitted with a large cab 
and various modifications, including 
Mr. Hughes’ « top and, bottom header » 
superheater. 

’ Further 4-6-0 four-cylinder engines to 
Mr. Hughes’ design have been constructed 
during the year, also engines of standard 
classes on all sections. / 

Figure 7 (7) illustrates, by line diagram, 
a rebuilt locomotive possessing great 
historic interest. As No. 11, Glasgow & 
South Western Railway, this engine was 
the first four-cylinder non-compound 
locomotive to be placed in service on any 
British railway. This was in 1897, 
Mr. J. Manson being the designer. It 
had then two inside cylinders, 14 1/2 by 
26 inches, and two outside cylinders, 
12 1/2 by 24 inches. Although it has 
lasted so many years the engine, owing 
largely to its relatively small boiler, was 
not markedly successful. As reconstruct- 
ed by Mr. R. L. Whitelegg, however, and 
fitted with a large superheater boiler, it 
has been converted into a modern design 
of considerable capacity. As rebuilt, all 
cylinders are 14 inch diameter, but the 
varying strokes remain. By the use of 
crossed ports one piston valve controls 
the steam distribution of two cylinders 
on one side. Stephenson link motion is 
retained. 

It is now necessary to consider deve- 
lopments on the London & North Eastern 
Railway. Here principal interest attaches 
to Mr. Gresley’s « booster »-fitted 4-4-2 
engine No. 1419, Great Northern section, 
shown in figures 6 and 8 (j). The use 
of the « booster » converts the trailing 
wheels of the locomotive into a pair of 
driving wheels which supply independent 
and, therefore, augmenting power. The 
booster is a separate two-cylinder engine 
placed below the footplate of the loco- 
motive. To provide sufficient space dor 


Fig. 1. — New four-cylinder 4-6-0 locomotive, Great Western Railway. 


Mr, C. B. Collett, O. B. F., chief mechanical engineer. 


Fig. 2. — Three-cylinder mixed-traffic locomotive, Southern Railway. 
8 y 


Mr. R. E. L. Maunsell, C. B. E., chief mechanical engineer. 


Fig. 3. — 4-6-0 inside cylinder locomotive fitted with outside Walschaerts valve gear, 
London™Midland & Scottish Railway (L. & N. W. Section). 


Mr. H. P. M. Beames, meclianical engineer (Crewe), 


| 
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Fig. 4. — 0-8-4 super-heater tank engine, London Midland & Scottish Railway (L. & N. W. Section). 


Mr. H. P. M. Beames, mechanical engineer Crewe). 


Fig. 5. — 4-6-0 steep-gradient locomotive, London Midland & Scottish Railway (Caledonian Section). 


Mr. W. Pickersgill, C. B. E., mechanical engineer (Glasgow). 


Fig. 6. — 4-4-2 engine fitted with « booster » to trailing wheels, London & North EHastern Railway 
(Great Northern Section). 


Mr. H. N. Gresley, C. B. E., chief mechanical engineer. 


_ The booster engine 


ders, 40 inch diameter b; ; Q neh 


‘dice pinion eels power is pis od to 
the trailing carrying wheels of the 10EOS 
motive, espreieh S a third pe rion 


oe 50 Seep that the Ronde 
of the trailing carrying wheels are less 


than those of the driving shaft. The 


diameter of the carrying wheels driven | 


by the « booster » is 3 ft. 8 in.; conse-— 


quently the successful application of the 


booster is dependent upon a comparatively — 
low speed, such as when the train starts, 
or is climbing a gradient. ; 
The idler gear is secured to the base 
of the « pear » by a rocking arm; 
‘when it is desired to operate the 
~« booster » gear, the driver, by means. 
of compressed air apparatus operating 
a piston attached to a bell crank, throws 
the idle pinion into mesh and establishes 
connection between the driving shaft and 
the carrying wheels. The driver then 
admits steam to the booster cylinders by 
means of an air operated regulator, and 
the booster operates. When steam is cut 
off from the booster engine, the idler 
gear is taken out of | mesh by means of 
spring-controlled mechanism, and the 
trailing axle is thus relieved of the re- 
tarding action, which would resnlt from 
being in engagement with the booster 
driving apparatus. So far as the booster 
apparatus is concerned, little difference 
is made by it in the external appearance 
of the locomotive — the provision of an 


air compressor on the smokebox on one. 


side and a live steam pipe along on side, 


trains on euiennn 
‘not allowed. or are 
Some new. ( 
for use in docks | se 
Eastern section. == Bec 
During the year a number | of London ete 

& North Eastern engines hay = a 
ed, in some cases regularly 

other than those of the 
they belon: d an 
same thing has occurred o on en 
Midland & Scottish Railway. On ‘the | _. 
former line passenger engines are now 
painted green and goods and tank engines 
black, in each case lettered L. & N. E.R. 
or L. N. E. R. above a large numeral with 
a letter indicating the section to which 
the engine belongs. On the London “nny 
Midland & Scottish Railway the engines 


are being renumbered, Nos. 1-4999 being © a : 
reserved for Midland Division engines, — - ieee 
Nos. 5000- 9999 for lateLondon & North = 
Western locomotives, | Nos. 10000-11999 ue 
2 engines, 8 es oa 
ahi 12000 for Scottish | engines. Rec 
oe been eee ae tie eblour for P 
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ern Railway no definite decision has 
been announced, though some engines 
have been painted green and lettered 


« Southern », with a numeral below. 
Neither has any system of classification 
yet been made. 


WORKING PRESSURE. 180 LBS. PER D” 


CoAL 5 Tons 


' “a t y 
22 TUBES 5 OUTS DIA. 
[Siacrtie ti zaay 22 


fi te ——45' 9%) TOTAL WHEEL BASE ——-=-—— ————— —— a — 
——-|——-- —— -— ————54'll" OVER BORER Sa om — Ser as ee 
12-4 12°2 13-1 19:13 19-5 22-Ii WEIGHT IN * 
TOTAL 37 TONS 7 Ens. TOTAL 6! TONS 9CWTS. { WORKING ORDER 


Fig. 7. — Four-cylinder locomotive, as reconstructed at Kilmarnock works, London Midland & Scottish Railway 
(Glasgow & South Western Section). 


Mr. R. L. Whitelegg, then mechanical engineer (Kilmarnock). 


WORKING 15T-O¢ 


I2T18S 
ORDER . 


J4T16¢ 


Fig. 8: — 4-4-2 « booster » locomotive, London & North Hastern Railway (Great Northern Section). 


Mr. H. N. Gresley, C. B. E., chief mechanical engineer. 


With regard to other railways, the by several others. In designing these 


only engines calling for notice are those 
belonging to Irish lines. On the Great 
Southern & Western Railway a four- 
cylinder 4-6-0 locomotive, No. 400, de- 
signed, in 1916 by the late Mr. E. A. 
Watson, together with three cthers sub- 
sequently built, was followed in 1923 


further engines Mr. J. R. Bazin included 
certain modifications, and three have 
been built with superheaters (/) and three 
without. Larger tenders have also been 
fitted. Mr. Bazin also rebuilt some 2-6-0 
goods engines with a leading truck in- 
stead of a radial axle, and with new 


- engine we oat a ees oh ena a 
_ very sharp curves to be taken. On the 
‘Northern Counties line further 4-4-0 ( 
engines have been brought into use, while .1 
on the Great Northern line Mr. Glover has | 

rebuilt several older engines with: super-— 
prs heater boilers, etc. ae 


te — Work. 

_ During 1923 a ea BBE of Sfeceheres 
tions in war-reduced express train sche- — 
_ dules were made, and various new runs 
introduced. Spite 

In the summer time-tables of 1923, 
therefore, the London Midland & Scot- ‘a | mile further. ieee 
tish- Railway had 68 non-stop runs of a - 


ee between 100.6 and 219.5 miles i in SRE a ‘These x runs gave averages as : follows eee 
Bait ‘Huston-Colwyn Bay. §. 9.92 eee a 51.0 miles per hour. Pas: 
: = Huston-Prestatyn. “..).. <.2receeeeeee Pare ls beam _ = dor 
‘i c King's Cross-York et gine p< a, 00 Se >. 
moe Pe _ King’s Cross-Leeds .  . .) 6644 —-  — ' , 
7 Paddington-Plymouth (N orth Road). St ih 1B --* ea aes 
ot eer Baddest ces sah. — ee eae Ds ; 

= : Seeing that seh of these journeys it was only to be abiicvane that each 
2 Included severely graded sections on company had other 100-mile runs giving © 
ss stages’. where, for other reasons, the still higher averages, ts net or as 
Reh ees highest averages could not be maintained, follows : nig 
: * Ti) MS, BR.  Birmingham-Willesden ancy enamaeemeene alee 2 mil es per hour. 
H _ L.N.E.R. London (Marylebone)- RLCicester At 108- 2 ee ee near 
GW. RR. ~ London (Paddington)-Bristol. .. . . 118 3 se 
aes 2 The last mentioned (two trains) also | 

ns _ gave a slip service to Bath, 106.9 miles at 
5 Si 61.1 miles per hour. The Southern Rail- ~Swin d Ps : 
* ae _ way had no runs exceeding 100 miles i in ton of TS miles i in 75 aminntes, average 

S length. ro 61.8 ‘miles per hour, t thus mproving, and ce 
3 ress : ; = ? 4 x = ee Sree ne ala 
Bai * <i se - =e es a 
i ; Le sh a , 
es Z =a = 
ie d = 
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for a longer distance but over a compar- 
atively easy route, upon the previous 
records on the London & North Eastern 
Railway between Darlington and York, 
444 miles in 43 minutes, and between 


9 


Leicester and Nottingham (Arkwright 
Street), 22.6 miles in 22 minutes, both at 
61.5 miles per hour average. 


Other very fast runs were : 


London Midland & Scottish Railway. 


Birmingham-Coventry . 
Forfar-Perth . 
Kettering-St. Paneras . 
Euston-Wilmslow 
Euston-Birmingham. 
Euston-Crewe . 


18.9 miles. 19 minutes. 

32.5 — 34 — 

72.00 — 76 — 
176.9 — 213 — 
112.9 — 12200 — 
158.1 — 169 — 


London & North Eastern Railway. 


Aylesbury-Leicester. 
Marylebone-Leicester . 
King’s Cross-Grantham 
Grantham-Doneaster 


© 


65.1 miles. 65 minutes. 
107.6 — 114 — 
105.5 — 114 — 

50.5 — 54 


Great Western Railway. 


Paddington-Bristol . 
Paddington-Exeter . 
Paddington-Taunton. 
Reading-Taunton . 
Reading-Exeter . 
Paddington-Torquay F 
Paddington-Birmingham . 


Southern 


Dorchester-Wareham . 
Tonbridge-Ashford : 


Many of these runs are made regularly 
with reasonably heavy trains,-so that their 
very high average speeds often entailed 
severe demands on the engines, though, 
obviously, they could not be expected 
with maximum loads. During the year 
the writer travelled with several of the 
trains having averages of over 60 miles 
per hour, though for various reasons 
some of them did not quite meet require- 
ments. 


117.6 miles. 120 minutes. 


173.7 — LTS a 
142.9 — 148 — 
106.9 — 12 — 
137.7 — 145° -— 
199.7. — PAS eae 
110.6 — 120 — 
Railway. 

15.0 miles. 16 minutes. 
26.5 — 28 — 


In view of the fact that the Great 
Western 61.5 miles per hour schedule 
between Swindon and Paddington was 
the principal speed novelty of the year, 
pride of place must be given to a record 
with this train, more especially as the 
engine was No. 4073, Caerphilly Castle 
(fig. 1). The load was about 250 tons, 
and weather conditions good. The most 
notable feature was that speed rarely 
exceeded 75 miles per hour, and then not 


4 
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— 4-4-2, No. 2166 (+). 
harder one to work than it was before — 
the war, as it now includes a restaurant 


later ( 
; pis ies remaining 18. 5 miles to Padding- 
_ ton, including an easy approach to the 


terminus and moderate running to avoid 


too early an arrival, were completed in 
The 11.3 miles were thus. 
covered in 73.1 minutes, against 75 mi- 


48.7 minutes. 


nutes allowed, and that without very high 
maximum speeds. — 


_ Two runs on the 8.59 | De m. from ‘Dar- 1 tio 
lington to York, which is allowed 43-mi- 1 
nutes for the 4h, 1 miles, start to stop — 


a schedule which was, ‘for many years, 
the fastest in the British Isles — must 


now be mentioned, though in neither case 
was time kept, mainly due to storm and 


wind conditions which were very adverse. 


The same engine was concerned on both 


occasions, a North Eastern three-cylinder 
This train is a much 


car make-up of at least 220 tons, and is 
not infrequently heavier, as on the first 
run to be described, when it would be 
about 260 tons. 
took 4.2 minutes to pass Croft Spa 
(2.6 miles). 
were run 


in 19.14 minutes, and the 


416.7 miles thence to Beningbrough in 


15.6 minutes. The remaining 5.5 miles 
to York took 6.4 minutes, but this includ- 
ed running steadily for practically the 
whole length of the long main platform 


to the South end of York station, so that, 


allowing for stormy conditions, the engine 


had really done well to complete its run 


in 45.3 minutes, against 43 allowed. 


(4) See Bulletin of the International Railway 
Congress Association, April 1912. 


exactly 45 minutes, 
on the previous 
neners Gane. realised. req ull 


timing is Ti 
; Central) 63.5 
had two journe 
to cover the 6 


« improved Director » class were concern- _ 
ed, the load about 165 a and weather ? 
- conditions fair. 
the first stage to” ‘Aylesbury, via the 
465 minutes (38 miles). 
With this load No. 2166 


Thence to Thirsk, 19.3 miles - 
_ faster. 
Hinton occupied 23.9 minutes, thence to 


44.4 ries from 


‘run. 


ha fe rtu: im 
\don | & North Uagternl (Great oo 
miles per hour run, but — ss 
with the train booked = 
| miles between Aylesbury = 
and Leiceste in 65 minutes. In both 
cases, 4-4-0 superheater engines of the = 


No. 508, Prince of Walks: ‘completed 


severely graded ‘Metropolitan’ route, in a 
Starting again, 
the 88 miles to Grendon-Underwood 
Junction occupied 41.6 minutes, but J 
thereafter speed ranged usually at about = 
65-70 miles per hour, and occasionally 
The 22.3 miles to Woodford and 


Rugby (44.1 miles), 42.6 minutes, and 
the remaining 49.9 miles to Leicester, 
18.4 minutes. Even then, however, ‘the — 
65.1 miles from Aylesbury to Leicester ad 
had occupied 66.2. minutes against 65 
allowed. On the second run, No. 505 
Ypres, had covered the 38 miles fr " 
London (Marylebone) in 9 minutes. UE 
Starting again, the 8.8 miles f 
bury to Grendon-Underwood were run. in. 2 
9.9 minutes, the 22. 3 miles: thence to soon 
* 
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Woodford occupied 22.9 minutes, the 
4141 miles to Rugby, 13.6 minutes, and 
the 19.9 miles to Leicester, 19 minutes. 
Consequently, the 65.1 miles had occupied 
65.4 minutes. 

As one of the novelties of the year, as 
well as the longest non-stop journey made 
by the writer, reference must now be 
made to the Harrogate Pullman express 
introduced by the London & North East- 
ern Railway. This consists normally of 
two first class and four third class 
Pullman cars, usually with one or more 
vans, and is booked non-stop between 
King’s Cross and Leeds, 185.7 miles, for 
which 205 minutes are allowed. As the 
route is very severely graded between 
Doneaster and Leeds, with many service 
slacks, notable work is called for else- 
where, while the main line section is far 
from easy, though not extreme. On many 
occasions this train has been worked by 
Great Central four-cylinder 4-6-0 loco- 
motives, and the writer’s record was ob- 
tained behind one of them, No. 1166 
Earl Haig (*) with the six Pullmans and 
two vans, about 300 tons. 

Starting well on the climb through 
tunnels, Finsbury Park was passed in 
5.8 minutes (2.5 miles), and the sum- 
mit at Potter’s Bar in 14.7 minutes 
(10.2 miles). Thence to Hitchin, with 
an intermediate relaying slack, 19.2 miles 
were run in 23.1 minutes, and the 
27 miles onwards to, Huntingdon in 
23.5 minutes, a fine burst of sustained 
high speed, without, however, extreme 
maxima. At the top of Abbott's Ripton 
bank speed did not fall below 55 miles 
per hour, and when passing through 
Peterborough at the usual slow speed 
17.6 minutes had been taken from 


(4) See Bulletin of the International Railway 
Congress Association, January, February, March 
41920. 
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Huntingdon (417.5 miles), 64.2 minutes 
from Potter's Bar summit (63.7 miles) 
and 84.7 minutes from the start (76.4 
miles), with one relaying slack. The 
next stage of 23.7 miles to Stoke summit, 
largely one continuous grade at about 
4 in 200, was covered in 27.1 minutes. 
A second relaying check was experienced 
pear Grantham, but that station was 
passed in 33.9 minutes from Peter- 
borough and in 118.6 minutes from 
London (105.5 miles). Newark (14.6 
miles) was passed in 13.1 minutes; Ret- 
ford, 18.1 minutes later (18.6 miles), 
and Doncaster in a further 16.9 minutes 
(47.3 miles), so that the 50.5 miles from 
Grantham had been run in 48.1 minutes, 
719.6 miles from Peterborough in 82 mi- 
nutes, 143.3 miles from Potter’s Bar 
summit in 1446 minutes, and 156 miles 
from the start in 166.7 minutes. From 
passing Doncaster at reduced speed the 
severely graded and complicated 419.7 
miles to Wakefield were covered in 
23.7 minutes, and the fina! 10 miles, 
even more complex, occupied 16.5 mi- 
nutes. Actually, 1 minute over schedule 
time had been taken, but with two re- 
laying slacks in addition to usual speed 
orders. 

No opportunity was available for re- 
cording one of the London-York non- 
stops, but these were regularly made with 
fair loads by Great Northern 4-4-2 en- 
gines without difficulty. 

On the Great Western Railway the 
longest non-stop journey made was that 
between Paddington and Exeter; though 
this involved the very unusual experience 
of loss of time, largely explained by the 
very high wind. Four-cylinder 4-6-0 of 
the Star class (1), No. 4065, Evesham 
Abbey, built in 1922, had a load of 


(4) See Bulletin of the International Railway 
Congress Association, April 1911. 


340 tons to work to Exeter, 173.7 miles 
in 180 minutes, so that to take 189.2 mi- 
nutes was in itself no mean achievement. 
The first 18.4 miles required 22 minutes, 
and the 17.6 miles thence to Reading 
(reduced speed for junction) 17.9 mi- 
nutes. Onwards, the gradients become 
harder, though not extreme, so that the 
17 miles to Newbury occupied 19.4 mi- 
nutes. Thence to the slack at Westbury 
the 42.5 miles were covered in 43 mi- 
nutes. At Frome reduced speed is again 
necessary, so that these 5.7 miles occu- 
pied 7.9 minutes. The next 41.7 miles 
to Taunton were run in 46 minutes. The 
climb of 10.9 miles to the summit tunnel 
took 13.2 minutes, and. the remaining 
20 miles to the Exeter stop, mainly 
downhill, were run in 19.6 minutes. 


A return journey behind an older en- 
gine of the same class, No. 4019, Knight 
Templar, included interesting features. 
At the start the load included the Pen- 
zance-Glasgow and Aberdeen sleeping car 
and through carriages, thus bringing the 
London load of 280 tons to a total of 
395 tons as far as Westbury. The high 
wind of the down journey still constituted 
a difficulty. The adverse’ 20 miles to 
the first summit occupied 29.5 minutes, 
including a permanent way repair check, 
but by running the remaining 10.9 miles 
down to a stop at Taunton in 9.9 minutes, 
the 30.9 miles from Exeter were com- 
pleted in 39.4 minutes. From Taunton 
to Frome (service slack) the 41.7 miles 
were run in 54.3 minutes, and to the stop 
at Westbury, 47.5 miles in exactly 60 mi- 
nutes. With the load reduced to 280 tons, 
No. 4019 passed Newbury (42.5 miles) 
in 45 minutes, with an intermediate per- 
manent way repair check, Reading at the 
usual reduced speed, 16.7 minutes later 
(17 miles), and reached Paddington in 
a further 36.9 minutes (36 miles), so 


that the 95.5 miles from Westbury had 
occupied 98.6 minutes. 


On the Birmingham main line a similar 
engine, No. 4016 Knight of the Golden 
Fleece, had 170 tons for Birmingham and 
beyond, 55 tons for the Leamington slip 
and 50 tons for the Princes Risborough 
slip. With a total of 275 tons the 
26.5 miles to a stop at High Wycombe 
were covered in 32.4 minutes, including 
easy running over the first 5 miles. The 
8.2 miles to Princes Risborough, where 
the load was reduced by slipping to 
225 tons, were covered in 9.9 minutes, 
and the next 32.8 miles to Banbury in 
30.2 minutes. Thence to Leamington 
(slow speed and load reduced to 175 tons) 
the 19.8 miles occupied 17.2 minutes. 
The final 23.3 miles into Birmingham 
were run in 26.9 minutes, with one in- 
termediate check. The 84.1 miles from 
High Wycombe had: therefore been com- 
pleted in 84.2 minutes. 

On a return journey another engine of 
the same class, No. 4028, King John, had 
a load of 270 tons throughout, for a 
420 minute schedule for 110.6 miles of 
by no means easy route. Leamington was 
passed in 26.3 minutes (23.3 miles), 
Banbury 23.2 minutes later (19.8 miles), 
the 41 miles to High Wycombe (reduced 
speed) in 41.5 minutes, and the final 
26.5 miles, with a permanent way check 
and slow running for the Jast 5 miles, 
in 31.6 minutes, so that actually the 
complete run of 110.6 miles had taken 
122.6 minutes. 

On the London & North Eastern Rail- 
way, apart from journeys already men- 
tioned, principal interest attaches to some 
records on the East Coast route, omitting _ 
stages already covered incidentally. 


With one of the night sleeping car 
trains a North Eastern three-cylinder 
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4-4-2 No. 2495 (4), and a load of 
330 tons, passed Thirsk (check) in 
28.2 minutes from York (22.2 miles), 
and Darlington 23.2 minutes later (21.9 
miles), thus taking 51.4 minutes for the 
run of 44.4 miles, with a considerable 
load and under bad weather conditions 
and including a check. Thence to New- 
castle was subject to various delays, so 
that to cover the 36 miles in 44.6 minutes 
involved good work. An older but 
similar engine, No. 744, with 300 tons, 
continued to Edinburgh. ~The relatively 
slow speed 16.6 miles to Morpeth were 
covered in 23.9 minutes. Thence to 
Alnmouth Junction 18.2 miles occupied 
49.4 minutes, and the 32.1 miles to Ber- 
wick (slack) 35.4 minutes, so that the 
67.9 miles from Newcastle had been 
covered in 80.4 minutes, over a route in- 
volving several regular slacks and far 
from easy as regards gradients. North 
of Berwick the gradients become harder, 
but Grant's House (16.2 miles) was 


passed in 22.9 minutes, speed on the long ~ 


bank never falling below 35 miles per 
hour, and the remaining 41.3 miles to 
Edinburgh (Waverley) were run in 
48.5 minutes, thus completing the 125.4 
miles from Newcastle in 149.6 minutes, 
with severe gradients and a number of 
regular slacks. 

Coming south, No. 736 of the same 
class, with 300 tons, passed Dunbar in 
33.8 minutes (29.3 miles), and after 
climbing the very hard Cockburnspath 
bank passed Grant’s House 18.6 minutes 
later (12 miles), with a minimum speed, 
on the steepest part at 1 in 96, of 25 miles 
per hour. Thence to Berwick (passed 
slowly and with an intermediate relaying 


slack) the 14.2 miles took 20.6 minutes, ° 


so that the 57.5 miles from Edinburgh 


(*) See Bulletin of the International Railway 
Congress Association, April 1912. 


had been run in 73 minutes. The 
32.4 miles to Alnmouth Junction were 
run steadily in 38.2 minutes, and the 
18.2 miles to Morpeth in 20.7 minutes, 
the final 17.4 miles to Newcastle taking 
the unusually fast time for this section 
of 19.4 minutes. The 67.9 miles from 
Berwick had thus taken 78.3 minutes, 
and the 125.4 miles from Edinburgh 
151.2 minutes. 

On a slower schedule than that of the 
special Darlington-York runs previously 
described, No. 717, with 330 tons load, 
covered the 38.6 miles from leaving 
Darlington to passing Beningbrough in 
39.9 minutes, but delays into York caused 
the complete run of 44.1 miles to take 
48 minutes. The train was then taken 
on by one of the Great Northern three- 
cylinder 4-6-2 engines introduced in 
1922 (1). No. 1476 had, however, an 
increased load of 420 tons. The 13.8 
miles to Selby (slowly over swing bridge) 
occupied 17.6 minutes, and with an in- 
termediate check Doncaster (18.4 miles) 
was reached 20.6 minutes later. Starting 
again, No. 1476 passed Retford (417.4 
miles) in 21.5 minutes (with an inter- 
mediate check), Newark 19.5 minutes 
later (48.5 miles) and covered the 
14.6 miles to Grantham in 17.3 minutes. 
Here an ordinary 4-4-2, No. 1443, re- 
placed No. 1476, with the same heavy 
load. 10.3 minutes were taken to climb 
to Stoke summit (5.4 miles). The 
23.7 miles to passing Peterborough 
slowly were then run in 26 minutes, with 
an intermediate permanent way slack at 
the fastest point, after attaining 84 miles 
per hour. Further stages were : Peter- 
borough-Huntingdon, 17.5 miles, 20.6 mi- 
nutes; Huntingdon-Potter’s Bar, 46.2 
miles, 52 minutes (a fairly difficult 


(4) See Bulletin of the International Railway 
Congress Association, March 1923. 
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stage), Potter's Bar-King’s Cross, 412.7 
miles, 16.4 minutes, with checks ap- 
proaching the terminus. The 105.5 miles 
from Grantham had thus been covered in 
125.3 minutes, and the 76.4 miles from 
Peterborough in 89 minutes. 

In the case of the West Coast route the 
writer's records cover most sections be- 
tween London and Glasgow and Perth, 
but in stages by various trains. With a 
load of 330 tons a London & North 
Western two-cylinder 4-6-0, No. 1584, 
Scotia, after stopping at Willesden Junc- 
tion, passed Tring summit in 33.8 mi- 
nutes (26.3 miles), covered the downhill 
15 miles to Bletchley in 14.3 minutes, and 
reached Rugby (35.9 miles) 39 minutes 
later (with an intermediate check), thus 
completing the 77.2 miles from Willesden 
in 87.1 minutes. <A similar engine, 
No. 2359, Hermione, continued to Crewe, 
taking 53.3 minutes to pass Stafford 
(51 miles), completed the climb of 
44 miles to Whitmore in 16.2 minutes, 
and reached Crewe, after signal delays 
approaching, 411.7 minutes later (410.5 
miles), thus taking 81.2 minutes for the 
75.5 miles from Rugby. Taking up the 
route again at Preston, a third engine 
of the same class, No. 1132, Scott, with 
270 tons, covered the 24 miles to Lancaster 
(a fairly difficult stage), start to.stop, in 
32.6 minutes. The increasingly difficult 
26.1 miles to Tebay were run in 41.2 mi- 
nutes, and the 5.4 miles to Shap summit 
(4 miles at 1 in 75) in 411 minutes, 
without assistance. The 13.5 miles down 
to a stop at Penrith occupied 15.1 -mi- 
nutes, so that the 54.1 miles from Lan- 
caster, including the hardest portion of 
the entire route, had taken 67.3 minutes. 
The 17.9 miles to Carlisle occupied 
19.5 minutes, start to stop. 

Still considering the work of London 
& North Western locomotives, the return 
journey from Carlisle to Crewe was devoid 
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of interest, owing to the number of stops 
made, delays and temporary single-line 
working on one section. At Crewe 
another two-cylinder 4-6-0, No. 433, with 
290 tons, passed Stafford in 30.7 minutes 
from Crewe (24.5 miles), and completed 
the 54 miles to Rugby in 56.5 minutes. 
The 35.9 miles to passing Bletchley were 
run in 41 minutes, the 15 up-hill miles 
to Tring occupied 16.5 minutes, and the 
26.3 easy miles to passing Willesden 
Junction at speed were covered in 26.1 
minutes, so that 77.2 miles from Rugby 
had taken 83.6 minutes. Delays into the 
terminus caused the last 5.4 miles to 
take 11.2 minutes. 

In Scotland two Caledonian 4-4-0’s, 
Nos. 114 and 135 (+), with 380 tons 
from Carlisle, were stopped outside 
Kirtlebridge by signal in 20.2 minutes 
(16.6 miles). Starting again, Beattock 
was passed at full speed in 26.2 minutes 
(23.4 miles), and the ascent of 10 miles 
at 1 in 75 was completed to a stop at 
the Summit in 17.7 minutes, a remark- 
ably good time. Here, No. 135 was de- 
tached, No. 144 taking on the full load 
to Stirling. The 23.7 miles of fairly easy 
route to Carstairs occupied 24 minutes, 
and at Law Junction (34.3 miles) 35 mi- 
nutes had been taken. The remainder 
of the route is very complex, with many 
curves-and junctions, and some adverse 
gradients, but Stirling was reached in 
73.4 minutes from Summit, -and in 
134.5 minutes from Carlisle (117 miles), 
apart from time occupied by stops, which 
brought the time to about 142 minutes 
against 147 allowed. With the load re- 


. duced to 330 tons, No. 114, with bank- 


ing assistance at the start, covered the 
hard 17 miles to Gleneagles in 23.2 mi- 


(4) See Bulletin of the International Railway 
Congress Association, April 1941. 
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nutes, and ran down to Perth thence in 
20 minutes (15.4 miles). 


Coming south from Glasgow No. 96, 
a new 4-4-0, with 190 tons, after stop- 
ping at Motherwell, covered the 16 miles 
to a stop at Carstairs in 27.6 minutes. 
The load was then increased to 300 tons. 
The ascending 23.5 miles to Summit 
occupied 35.7 minutes, and 10 miles 
down to a stop at Beattock were covered 
very carefully in 14 minutes. Beattock 
to Lockerbie and Lockerbie to Carlisle, 
in each case start to stop, occupied, res- 
pectively, 13.6 minutes (13.1 miles) and 
30.6 minutes (25.8 miles). 


On the Glasgow & South Western route 
between Carlisle and Glasgow, 4-6-0 
No. 512, with a load of 240 tons, covered 
the start to stop stages, Carlisle to Annan 
(17.6 miles) in 23.6 minutes, and Annan 
to Dumfries (15.5 miles) in 20.1 minutes. 
Starting again, the 36.9 miles, mainly of 
adverse grades, to New Cumnock occu- 
pied 47.1 minutes. The easy 21.2 miles 
down to Kilmarnock were delayed by a 
tunnel repair slack and one for re- 
laying, and therefore took 28 minutes, 
the complete time for the 58.1 miles from 
Dumfries being 73.9 minutes. From 
Kilmarnock the very steep grades to 
Dunlop took 16.2 minutes (7.6 miles), 
the remaining 16.7 miles into the Glas- 
gow terminus occupying 21 minutes. 


On a return journey No. 501, another 
4-6-0, with 180 tons, passed Dunlop 
(16.7 miles hard) in 25 minutes, reaching 
Kilmarnock (7.6 miles) 9 minutes later. 
Here No. 498 of the same class replaced 
No. 501 for the non-stop run to Carlisle. 
To New Cumnock (21.2 miles) 35 mi- 
nutes were taken, the 36.9 miles down to 
Dumfries occupying 40 minutes. Annan 
- was passed 16.6 minutes later (15.5 miles), 
the remaining 17.6 miles to Carlisle tak- 
ing 21.8 minutes, so that the 91.1 miles 
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from Kilmarnock had been run in 113.5 
minutes. 

In the case of the Southern Railway, a 
return journey between Waterloo and 
Exeter may first be summarised. No. 743, 
large 4-6-0 of the latest class, had a load 
of 250 tons, to work over a route by no 
means easy. Soon after leaving London 
a relaying slack was experienced, so that 
314 minutes were taken to pass Woking 
(24.4 miles). The 23.5 miles thence to 
passing Basingstoke occupied 25.1 mi-. 
nutes, Andover (18.8 miles) was passed 
18.9 minutes later, and the 17.7 miles down 
to the Salisbury stop occupied 17.5 mi- 
nutes, so that while the first few miles 
gave only ordinary times, the later portion 
of the journey was performed very 
smartly, the 60.4 miles from Woking hav- 
ing taken only 61.4 minutes, and the 
complete run of 83.8 miles, 92.9 minutes. 
After changing enginemen, but with the 
same engine and load, Templecombe 
(28.4 miles) was passed in 33.7 minutes, 
but at Axminster, approaching the foot 
of Colyton bank, the 32.6 miles from 
Templecombe had been run in 34.5 mi- 
nutes. The 7.7 miles to Honiton tunnel, 
at the summit, were mounted in 12 mi- 
nutes, while a steady run down the 
bank gave 24 minutes for the remaining 
19.3 miles. The 88 miles from Salisbury 
had thus taken 101.2 minutes, over a route 
distinctly harder than that from London 
to Salisbury. 

Returning, a similar engine, No. 738, 
with 300 tons, passed Honiton summit 
(49.3 miles) in 27.5 minutes, and with 
one slack ran to a stop at Templecombe 
(40.8 miles) in 48.1 minutes. Signal 
checks spoiled the run to Salisbury, but 
good work was done beyond with the 
same engine and changed enginemen. 
From Salisbury to Andover the hard 
17.1 miles took 22.6 minutes, but on the 


comparatively easy route beyond, the 


~ 


aay 
. 33 


minutes, 


* - completed, with a " eonsiderabl 
caer minutes. — 
<2. the on, ‘Brightow: « 
Coast section of the Southern Railway 
‘ principal interest attaches to three 60-m 
Sais nute journeys between ‘Victoria. 
oe Brighton, all with large 4-6-4 express 


press (10 c cars, Ss a 350 ee 


Croydon took 17.3 minutes. 
Three Bridges 
20.9 minutes. The 8.4 mites to Hay- 
wards Heath, including a relaying check, 
took 10 minutes, 
12.9 miles to Brighton (very easy run 
in) took 13.9 minutes, so that 62.1 mi- 


3e9 a nutes had been taken for: the complete 


ea pun of 50.9 miles. On the second run 


_————s signal check as well as the relaying slack 
mentioned. Times for tha sections men- 
; tioned were Victoria-East Croydon 
— (18 min.), East’ Croydon-Three Bridges 
a . (24.2 min.), Three Bridges-Hayward’s 


Tee. 


Heath (10.4 min.), Hayward’s Heath-. 


Brighton (15 min.), total 64.3 minutes. 


On a return journey No. 334 of the same 


and 
— engines, two. with No. B27 on the ‘sl 


- Oni the tis 
first occasion, with the usual steady hi 

running, the 10.5 miles to pass East We 
Thence to — 
(49.1 miles) occupied — 


and the remaining - 


4B Cowlai 


with the same load and engine, also time’ 
rig was not kept, but there was a slight 


The ‘slalghitorer Bye a 
er to pets 44. : miles, therefor 


minus. | a much more. interesti ig run 
was one the other way, when a 6 feet. 
4-4-0 of the Glen class, No. 242, hada 
good 310-ton train. Banking assistance —— 
was, , of one brouded 8 Wy Sa > 


6. 2 nes (A. 5 miles Pee at 1 ‘in 
A conditional stop was made at Lenz oe 
and the 18.8 miles thence to the Polmont ° | 
stop were run in 24.7 minutes. Thence 


to a stop at Haymarket occupied 24.8 mi os 


nutes (20. 7 miles). : 
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The dispatching system operated by telephone on the local lines 
in Czecho-Slovakia, 
By C. FIALA, 


ENGINEER, 
ADVISORY ENGINEER FOR CONSTRUCTIONS, 
CHIEF ASSISTANT OF THE DEPARTMENT OF THE. MINISTRY FOR RAILWAYS, 
AND FELLOW OF THE PRAGUE POLYTRCHNIC SCHOOL, 


With the railways, Austria handed 
over to Czecho-Slovakia, its methods of 
working them, especially that in use for 
controlling the running of trains. 

The first object, when political inde- 
pendence was conceded, was to keep the 
trains running, but later, efforts were 
made to organise the system in order to 
adapt it to the changed traffic require- 
ments which the new National State in- 
augurated, which differed widely from 
those of the old lines. After this, which 
the configuration of the old railway 
system made somewhat difficult, a third 
problem remained to be solved, no less 
important than the first two. It was 
necessary to restore the railway service 
so that it could run as regularly as before 
the war. This was found to be a heavy 
task, as much for the administrating 
departments as for the operating depart- 
ments, and it was only at the end of the 
fourth year after political independence 
had been proclaimed that it was possible 
to think of introducing reforms and 
adopting methods of working similar to 
thosé in other countries. 

A beginning was made on local lines 
where the traffic was light, because their 
simple construction “and small staff 
enabled experiments to be made with a 
minimum. of risk. Moreover, many of 
them were already fitted with telephonic 
communication which did not exist on 


the more important lines, and conse- 
quently reduced the expenditure for 
fitting up to a minimum. 

Before describing the innovations that 
were introduced, it will be as well to 
briefly explain the methods used to work 
these lines, which do not differ greatly 
from those used on the important ones. 

Each station is under the control of 
a station-master, who has charge of the 
whole staff. He is assisted by employees 
called train dispatchers who, besides 
looking after the operations relative to 
the running of the trains, keep the books 
and see after everything concerning the 
commercial side of the business. At all 
the smaller stations, and before the intro- 
duction of the eight-hour day, this work 
was done by the station-master himself. 
The arrival and departure of trains were 
entirely under the control of the station _ 
staff, as well as all the operations which 
took place at the station. 

In spite of the number and diversity 
of his responsibilities, in the smaller 
stations the station-master could alone 
manage to do all that was required, and 
even then was not kept very busy. At 
the more important stations he was 
allowed an assistant, who relieved him 
when necessary. The eight-hour day 
law, however, brought about a radical 
change. 


According to the Czecho-Slovakian 
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law, no employee may work more than 
forty-eight hours per week. However, 
if it is necessary for him to remain on 
duty> he may, if his work is not contin- 
uous, be allowed to exceed his allotted 
eight hours per day on condition that 
his actual work is reduced to six hours. 
Any extra time over the forty-eight hours 
per week has to be paid for, and in addi- 
tion, each worker must have a break of at 
least thirty-two hours in his duties once 
a week. 

As the train service on local lines 
connecting up to the main lines starts 
early in the morning and finishes late 
at night, it was necessary to have two 
train dispatchers at each station, the 
station-master and his assistant, even at 
those places where formerly the station- 
master alone was sufficient; also, in 
order to ensure that the 32 hours rest 
was provided, it was found necessary to 
provide substitutes, which increased the 
number of the normal staff by 30 %. 

Attempts were then made to reduce 
these disadvantages. A solution which 
consisted in restricting the train times 
could not be entertained, as it would have 
reduced the usefulness of local lines in 
certain districts. Another radical and 
logical solution was then introduced 
which consisted in taking away from the 
station-masters and their assistants their 
contro] over the running of the trains, 
this important part of their duties being 
placed in the hands of other employees 
working to the instructions of a dis- 
patcher. ; 

This official is generally placed at the 
junction station at which the local line 
terminates, and from which he directs 
all the traffic. He is in communication 
by means of an ordinary telephone with 
the stations along the line, which as a 
rule are few in number, and it is the 
duty of the guards on the trains to com- 


municate with this dispatcher during the 
stops at the stations. 

This system has been successfully ap- 
plied on a group of lines depending on 
the control from Louny and which con- 
sists of a total length of 79 1/4 miles, 
with a traffic of 230000 train-miles; on 
another group of two small lines of 
24 miles having a traffic of 53 000 train- 
miles, and on a branch line of 10 1/2 
miles in length. 

In a general way, the duties of a dis- 
patcher are carried out by those who 
start the trains at the station from which 
the line is controlled, and the guards of 
these trains always inform them of their 
arrival and departure as follows : 


a) from the departure and the termi- 
nal stations; 


b) from stations specially chosen; 

c) from a station preceding a station 
where there is a crossing; 

d) from a station preceding a junction 
station if the delay has exceeded the time 
allowed for stopping; 


é) from any station where the delay 
amounts to twenty minutes; 


f) from any station where the dis- 
patcher desires them to go. 


The guards on the trains must inform 
the dispatcher of anything that may 
happen on the road likely to effect the 
safety of the trains. 

Any telephonic messages received from 
the guards are entered at once a register 
kept at those stations in communication, 
and if any change is made in the point 
where trains are to cross or in the line 
at which a train will arrive, the guard 
writes down the messages received from 
the controlling station and has them 
signed by the engine driver. 

The controlling station is also informed 
by the guard how the trains are made up, 


receives them from the Bre 
ie - disposing 0 of thie pete 


the usual one, ‘the eee must ‘see » befo 
ee that the Jee are e replaced nL 


a re font in sauled ante to We xigedl in- 
a _ cases of necessity, and only by permis-— 
sion of the dispatcher. dite 
Considerable economies in the staff trated, the 
“hate resulted from this method of work-— except in 
ing, and it is: calculated than on the are ay 


[ 628. 143 ] 


Permanent way phenomena, /) 


By J. H. TAYLOR, 


ASSOCIATE MEMBER OF THE INSTITUTION OF CIVIL ENGINEERS, 


(The Railway Engineer.) 


One hundred years have elapsed since 
George Stephenson was faced with the 
choice of permanent way material for 
the Stockton and Darlington Railway. 
That choice lay mainly between the use 
of cast iron and malleable iron for the 
rails, and although the former were 
quoted at only £615 sh. per ton, against 
£12 10 sh. for the latter, Stephenson suc- 
ceeded in convincing the directors that 
the additional cost was thoroughly justi- 
fied. The rails, which were rolled, mea- 
sured 15 feet in length, and weighed 
28 lb. per yard. 

Timber sleepers had long been in 
use: in fact, until 1797, when stone 
blocks were first introduced, they were 
employed in the construction of all wa- 
gonways. Stone was plentiful, and tim- 
ber scarce, so that fort twenty-five years 
preference lay with the former. 

In 1823, however, it was discovered 
that stone was not an economical ma- 
terial to employ in permanent way con- 
struction, especially when the quarry was 
far distant from the works. Oak blocks 
were frequently substituted in such ca- 
ses, and these, cut from old ship timbers, 
represented an appreciable saving in 
cost. For forty years stone or oak 
blocks held their own, but gradually the 
timber sleeper found its way once into 
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permanent way construction, primarily 
on account of the tendency of the blocks 
to rock on their bed, and they have ever 
since formed the foundation for the bulk 
of railway track the world over. 

Steel rails first came into use in 1857 
as the result of Henry Bessemer’s success 
in producing it commercially at a 
cost which compared favourably with 
wrought iron. Fishplates were first em- 
ployed in Britain in 1847, but were ori- 
ginally introduced on the Perth and 
Amboy Railroad of the United States 
seventeen years earlier. 

The rail, the sleeper and the fishplate, 
all fundamental parts in the construction 
of permanent way in the early days of 
railways, are to-day equally fundamen- 
tal. Vast strides have been made, it is 
true, in design and in metallurgy since 
Stephenson’s time, but it is doubtful if 
any railway engineer could say that mo- 
dern permanent way is all that it might 
be, and, despite the extensive knowledge 
which has been gained throughout a 
century of railway practice, there exist 
phenomena which have baffled the best 
engineering brains. With the excep- 
tion of < creep », Stephenson apparently 
encountered little in the nature of phe- 
nomena, but < creep » he certainly did 
find, and in an effort to arrest it in 1816 


(4) A paper read before the Association of British Engineers in the Argentine Republic, on 


21 August 1923. 
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by the use of tapered joints, he failed, 
as many engineers have since failed. 
Apart from creep, most of the pheno- 
mena which confront the railway. en- 
gineer to-day have come to light in com- 
paratively recent times. In the hope 
that the many members of our Associa- 
tion whose duties bring them into direct 
touch with the ever-perplexing problems 
of permanent way design and mainte- 
nance will give us the benefit of their 
experience, it may be of interest to out- 
line what has already been disclosed by 
others. 


Rail corrugation. 


Of all phenomena none, perhaps, has 
aroused greater controversy during the 
past decade than < rail corrugation >. 
From this trouble tramways are greater 
sufferers than railways: similarly, elec- 
tric railways suffer more than steam- 
operated lines. Many explanations have 
been offered to account for the pheno- 
menon, and the civil engineer, locomo- 
tive engineer, and rail manufacturer 
have all been assailed in turn as the 
prime contributor to the cause. Not a 
few engineers hold to the belief that in 
the process of rolling the initial corru- 
gation is imparted to the rail through 
the « chattering » of the rolls, and that 
in service these corrugations develop. 
Whatever truth there may be in this, 
there is ample evidence to cast doubt 
upon it, for the rails which have passed 
through the same rolls do not univer- 
sally develop corrugations subsequently. 
Again, there are cases in which rails 
develop corrugation when first placed 
in service, but instead of their deve- 
loping further they are rolled out again, 
leaving a smooth, even surface. On 
tramways the pitch of corrugation is 
usually from 2 1/4 inches or 2 1/2 
inches; on railways the range is greater, 
varying from a fraction of an inch to 
30 inches. 

There is a belief that small wheels 


and the resulting intense local pressure 
have much to do with the cause, and at 
first sight it would appear to offer the 
key to a_ satisfactory explanation, 
though not entirely, for all rails do not 
suffer. - Quite recently the result of an 
experiment extending over six years on 
the London County Council Tramways 
by the Sub-Committee of the Municipal 
Tramways Association has been pub- 
lished, which supports the belief that 
intense. local pressure is the primary 
cause of rail corrugation. The experi- 
ment was carried out in the L. C. C. sub- 
way below Kingsway, on a _ straight 
piece of level track, protected from 
weather and the effect of other traffic, 
and in view of a common belief that vi- 
brations in the track contributed large- 
ly to corrugation exceptional means 
were taken to construct a solid, un- 
yielding road. The tramway cars were 
mounted upon two four-wheeled bogies, 
the wheels of which measured 31 3/4 
inches and 21 3/4 inches, and their to- 
tal weight (empty) was 14 1/2 tons; 
the speed, 20 miles per hour. The rails 
developed corrugations, and after six 
years it was concluded that vibration 
had little or nothing to do with it, and 
that the cause was the heavily loaded 
wheels, which, rolling along the surface 
of the rail, gives rise to stress in the 
material in excess of its elastic limit. 


Grinding action of wheels. 


The theory that corrugation is caused 
by the grinding action of wheels rela- 
tively small in diameter, and aided in 
the case of a tramway by the presence 
of dust, has found favour with several 
eminent engineers, and is probably in 
part a contributory cause. Applying 
this theory to railways whose tracks are 
less rigid than tramways, but where axle 
loads and speeds are much greater, rail 
corrugation is certainly found at level 
crossings where grit is prevalent, but 
elsewhere it seems to defy definite lo- 
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eation. A few years ago a well-known 
English railway engineer stated that the 
conditions ruling on the line under his 
charge were. 


a) That corrugation originated on 
falling grades; 

6) That in tunnels it was confined to 
dry places; 

c) That on falling grades it died out 
on approaching a station; 

d) That it never occurred between 
platforms. 


The line was steam-operated, and the 
facts seemed to indicate that corrugation 
was caused by the goods trains not fitted 
throughout with the vacuum or the 
Westinghouse brake. Here the train 
runs down the incline, with the loco- 
motive wheels and the wheels of the 
guard’s van braked. In such a case, 
momentary locking of the wheels takes 
place, and intense lateral pressure is 
set up, aggravated by sanding beneath 
the tyre. On reaching the foot of the 
incline the brakes would be released, so 
that on this reasoning items (a) and 
(c) would seem to hold. On passenger 
trains all wheels are braked, and though 
stops are made at all stations the lateral 
pressure exerted by a braked wheel is 
less than in the case of the goods train. 


This would seem to account for the 
absence of corrugation between plat- 
forms. But the evidence does not end 
here, for another British railway engi- 
neer, reporting his experience on the 
line under his care, states that where 
.passenger trains alone are run, and at 
high speeds, corrugation is found on a 
rising grade, and that corrugation occurs 
most where trains run freely without 
brakes, or with brakes slightly applied. 
Further, on fast rather than slow lines 
corrugation is more pronounced. This 
evidence is complicated by another en- 
gineer of the same line, who states that 


never does a rail corrugate on a gentle 
rising grade. This statement has been 
repeated by others, but it is not the 
writer’s experience. 


Another engineer has stated that rails 
containing 0.55 % of carbon and less 
than 0.08 % of phosphorus never corru- 
gate; but again, the writer can disprove 
this. Tests made upon rails which 
have been in-actual service disclose a 
hardening of the metal along the table 
which may reasonably be attributed to 
a form of cold rolling imparted by the 
wheels. A further test upon a _ corru- 
gated rail discloses still harder metal 
upon the crest of corrugation. 


Mr. Sellon, in his excellent paper to 
the Institution of Civil Engineers 
(vol. CXVII), says: « It seems. evident 
that corrugation is set up by inter- 
mittent variation of wheel pressure or 
vertical vibration, but how the vibration 
is set up, why it persists, and why suc- 
cessive vehicles fall into step over 
corrugated lengths, there is great di- 
versity of opinion and conflict of evi- 
dence. > 


A very satisfactory explanation of the 
intermittent variation of wheel pressure 
has been given by an officer of the Lon- 
don Midland and Scottish Railway. The 
cause is attributed to chattering set up 
between the axleboxes and hornblocks, 
combined with horizontal surface fric- 
tion. Side play permits the axlebox to 
strike the back slide and rebound to the 
forward slide, thus producing the con- 
dition conducive to corrugation. This 
takes place at each rail joint, and is 
aggravated by the application of the 
brakes, which momentarily lock the 
wheel. ' 


Admitted that there are exceptions, it 
is generally recognised that corrugation 
is more marked where brakes are 
applied, and this is confirmed by the 
case of tramways, where brakes are 
much more frequently applied, the 
wheels small, and the rails grit covered. 


“ 
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Rail corrugation on underground 
railways. 


Against this comes the case of the 
Baker Street and Waterloo, Charing 
Cross and Hampstead, and Great North- 
ern and Brompton Railways of London, 
which were opened to service nineteen 
years ago, and on which rail corru- 
gation has never been known, despite 
frequent application of brakes and small 
wheels. The track is of somewhat 
unusual construction, the sleepers rest- 
ing upon a concrete bed over a width 
of about 3 ft. 10 in., leaving a short can- 
tilever over which the rails are carried. 
Ballast fills the space intervening be- 
tween sleepers and below the cantile- 
vered ends, so that a certain measure of 
elasticity is always attained. So great 
is corrugation on other lines of the Lon- 

-don Underground Railways that the 
rails have to be removed periodically 
from the track, and planed down to an 
even surface. 


Argentine experience seems to point 
to the fact that (a) corrugation is more 
pronounced where brakes are applied, 
(b) that their pitch seldom exceeds 
2 inches, (c) that the corrugations once 
formed never disappear, and (d) that 
high carbon rails corrugate quite as 
much as rails of lower carbon content. 
It is doubtful if the phenomenon can be 
traced to any single cause, but rather 
to a combination of causes, the principal 
factor being the slip produced by the 
momentary locking of the wheels by 
the brakes. Other contributory causes 
are probably the presence of grit, 
whether from <« sanding » or spread 
over the rails at level crossings, and 
intense local pressure between wheel 
and rail: in a measure, the result of 
small diameter wheels. There are 
cases, of course, which respond to none 
of these, but they are very exceptional, 
and can only be treated on their own 
particular merits. As a general rule 


corrugation occurs where these three 
factors hold. 

The phenomenon is not likely to 
disappear as years go by; on the contra- 
ry, railway engineers must be prepared 
to see it develop, and any new light 
which can be thrown upon this destruc- 
tive action, which has provoked so 
much controversy, will certainly be 
taken into full account, 


Broken fishplates. 


Though less unaccountable than rail 
corrugation, the case of broken fish- 
plates has led to very considerable con- 
troversy, and several theories have been 
advanced in explanation of the cause. 
In the first place, the joint is always 
the weakest spot in the track, and it is 
seldom that the moment of inertia of the 
two fishplates combined exceeds 80 % 
that of the rail. In many cases it is 
much less, even as low as 33 %. In ad- 
dition to this, many companies employ- 
ing flat-bottomed rails deliberately 
notch the horizontal limb of the fish- 
plates in order to engage the track 
spike, and so assist in.arresting creep. 
Further, it is a well-known fact that 
when a rail joint is strained under traf- 
fic the rails and the fishplates take up 
quite different deflection curves. In 
addition to this, the fishplates twist : 
outward beneath the head at the centre, 
and outward at the base near the ends. 
The wider the angle of the fishing 
planes the more do the fishplates twist. 
Though the fishplates are often slotted 
to engage two or more spikes, it is al- 
most a certainty that in the majority of 
cases the resistance to creep is not uni- 
formly offered, and so great is the pres- 
sure that the spikes are driven out of 
vertical, thus splitting the timber. It is 
very evident, then, that in such cases 
far more is demanded of the fishplate 
than it is reasonable to expect. 

Reports on fishplate fractures from 
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every part of the world indicate that 
the point most open to failure is the 
upper edge immediately beneath the 
joint, fractures through the slot taking 
second place. In the Journal of the 
Permanent Way Institution, vol. 39 
(April, 1921), the subject of « Broken 
Fishplates > is dealt with in a short 
paper by Mr. H. C. Honeybourne. The 
author of the paper seems to strike wide 
of the mark when he attributes the phe- 
nomenon to the fishplates acting as can- 
tilevers, and so failing in tension at the 
centre of the upper edge. That the rail 
ends act as cantilevers there can be no 
dispute, but the plate uniting them 
cannot assume the same action : in fact, 
as already stated, the rails and fish- 
plates are known to take up different 
deflection curves. 


American fishplate experience. 


Mr. P. H. Dudley, a well-known North 
American railway engineer, stated at 
the International Railway Congress 
of 1900 that a belief formerly existed 
that the metal for fishplates should be 
soft and ductile, in order to encourage 
yield without fracture. Mild steel was 
accordingly employed, but after two or 
three’ years’ service fractures occurred 
in large numbers, particularly in cold 
weather. The upper fibres of the plates 
were strained almost to their elastic 
limit both in tension and compression, 
and the repetition of stress a few 
thousand times resulted in the checking 
of the top edge, and the cracking from 
the top downward in thousands of 
cases. The use of the softer metal was 
abandoned, and a steel having a much 
higher elastic limit substituted, a change 
which reduced breakages of this nature 
to a very great extent. Nevertheless the 
trouble continues, and every day brings 
to the scrap-heap fishplates which have 
failed in this way. 

An American company recently intro- 
duced a fishplate depressed at the 


centre, just in the zone where breakage 
usually takes place, the object being to 
relieve the plate of all load at the cri- 
tical point. What measure of success 
has attended this experiment the writer 
is unable to say. Another effort which 
has been made to meet the case has 
found favour more perhaps in Europe 
than elsewhere. This is the use of 
unsymmetrical fishplates, the outer plate 
having a bullhead along the upper edge, 
or else an upper limb. Similar treat- 
ment in the case of the inner plate is, 
of course, impossible, owing to the path 
of the wheel flange. Reports from Eu- 
rope on the use of this mode of,fishing 
do not appear to be very satisfactory. 
The two plates do not act in unison, the 
lighter yielding to the heavier, which 
assumes the bulk of the work. The 
joint twists more than would otherwise 
be the case, and the heavier plate is 
often found to be unequal to its task. 
As regards fractures through the spike 
slot, these occur with greater frequency 
where the corners are square, but are 
nevertheless frequent where the slots 
are properly radiused. 

Again, examining the vertical deflec- 
tion of the rails at the joint, depression 
of the joint sleepers in the first instance 
is caused by the passage of the wheels 
from the trailing to the facing ends, 
resulting in the premature displacement 
of the ballast, and this is augmented by 
flat wheels. In the case of short rails 
hog backing results from this depression 
at the joint; in long rails deflection is 
confined to the ends; but whether the 
rails are short or long, the fishplates are 
called upon to resist this movement. 

It would seem that the failure of the 
fishplate at the centre is due to constant 
hammering upon the upper fishing 
planes, combined with relative slipping 
between rail and plate, and that failure 
through the slot is due primarily to the 
creep of the rails. If this is the expla- 
nation, the remedy seems to lie in re- 
ducing the angle of the fishing planes 
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to 1 in 4, in suppressing the slots, in 
giving as broad a bearing as possible 
over the upper fishing plane, and in the 
employment of a tough steel of high 
tensile strength. 


Railhead deformation. 


Another example of premature des- 
truction is often seen along the gauge 
line of the rail-head, extending for se- 
veral inches on either side of the joint. 
The first impression of the case suggests 
that the rail cants outward at the joint, 
and that the wheel rolls over the inner 
edge. However carefully one investi- 
gates the various deformations of the 
sleeper,-the rail, and the rail-joint, it is 
difficult to account for any combination 
which could place the rail in such a 
position as to explain this particular 
case of local abrasure. 


Though no definite explanation of the 
cause seems to have been advanced, it 
is probable that it lies mainly in the 
creep of the rails. The spike with 
which the rails are fastened has little 
to commend it apart from its low cost, 
and quite fails to hold the rail longitu- 
dinally. The result is that the ten- 
dency to creep is resisted only at the 
joint where the spikes engage the slots 
in the fishplates. 


The rail slips unchecked through the 
fastenings of the intermediate sleepers, 
and it is invariably the left-hand rail 
in the direction of traffic which travels 
to the greater extent. By degrees the 
joint sleepers are driven out of square, 
sometimes to the extent of 12 inches, or 
even more, pulling in the gauge of the 
track as a result. A travel of 12 inches 
would reduce the gauge by 1 inch if the 
spikes held. With a track reduced in 
gauge at every joint, the wheel flange 
strikes a sharp glancing blow upon the 
side of the rail-head, resulting in the 
short line of wear so often noticed. 


Checking or rebating of sleepers. 


There is yet another phenomenon 
which is far from easy to explain satis- 
factorily : this is the checking or re- 
bating of the sleeper by the rail foot at 
certain points on the track. It is not 


_merely a fraction of an inch, but very 


frequently several inches. That a red 
quebracho sleeper is unable to sustain 
the pressure transmitted through the 
rail base may be discountenanced. Its 
ability to do so is clearly established in 
practice, and, furthermore, cases are 
quite common in which not only the 
rail base but also the horizontal limb of 
both fishplates have together rebated 
the sleeper. To localise the points at 
which the phenomenon is most appa- 
rent, unpaved level crossings, the points 
at which engines are accustomed to 
stand, and zones of indifferent drainage, 
seem to hold the principal conditions 
conducive to the cause. Grit and water 
are probably the two contributing fac- 
tors, but if these could be prevented 
from entering the rail and the sleeper 
no damage to the timber would result. 

The partial extraction of the spike 
alone could permit the intrusion of 
gritty mud, and once the grip is released 
the rail is free to hammer upon its seat, 
the water and grit together lending the 
medium which disintegrates the timber. 
A small check is created, and the spike 
is re-driven to compensate for the loss. 
The limit to which a spike can be re- 
driven is not great, and soon the grip 
on the rail foot is entirely lost when the 
rail becomes free to hammer the timber. 
A spike well driven into red quebracho 
can be extracted by a pull of about 
11 000 Ib., but the same spike re-driven 
will start again under a pull of about 
7500 Ib. 

In searching for a remedy, it is not 
always expedient or even possible to 
remove the conditions which bring 
about the presence of grit and moisture. 
This leaves the- rail fastening or the 
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sleeper itself open to study. Why the 
spike should draw at all is a matter 
-which calls for a little investigation. 
Take the case of a well-packed sleeper 
with the ballast along the centre line of 
the track lightly filled, or entirely re- 
moved; the zone of pressure is actually 
very limited, and is not more than 
15 inches on either side of the rail 
12 inches is probably nearer the mark. 
With a sleeper 9 feet long on a track 
of 5-ft. 6-in. gauge, the extremities 
would lie beyond the zone of pressure 
until traffic caused the ballast to yield, 
when the sleeper would become end- 
bound and would deflect under the load, 
causing the rail to twist and the spike 
to start, and this is aggravated by the 
wave motion of the rail. A long contro- 
versy took place on the subject of cor- 
rect sleeper length at the International 
Railway Congress some years ago. It 
was argued by two French engineers 
(dealing with standard gauge) that 
short sleepers, 2.20 m. (7 ft. 2 5/8 in.) 
in length, distributed the load more 
evenly over the ballast than sleepers 
2.75 long (9 ft. 1/4 in.), which is com- 
mon British and German practice. It 
is also Argentine practice, despite the 
greater gauge. The arguments opposing 
the use of short sleepers are mainly di- 
rected against their unfavourable in- 
fluence on the track, especially where 
the depth of the ballast is stinted. A 
sleeper is more unsteady when the pres- 
sure over the ballast varies appreciably, 
and this is the case with short sleepers 
rather than with long. ; 

To prevent the extraction of the fas- 
tening it is necessary to reduce defor- 
mation of the entire track structure to 
a minimum, or else abandon the spike 
for a fastening which does not rely upon 
friction with the timber for its resist- 
ance. 

The standard sleeper in use on broad 
gauge railways in Argentina has a low 
moment of resistance only 576 cm? 
(35.15 eubic inches) and a stiffer and 


stronger track would result if 1 cm. 
(3/8 inch) were added to the width and 
2 em. (3/4 inch) to the depth, making 
up a section 25 cm. (10 inches) by 
14 cm. (5 1/2 inches) with a moment 
of resistance of 816 cm? (49.80 cubic 
inches). 

Even steel sleepers are not immune 
from checking. It is difficult in the 
first place to keep the fastenings tight, 
and when they are not so the rails 
chatter. If the fastening is neglected 
the nuts rust round the thread, when 
tightening becomes almost impossible, 
and the rail hammers freely upon the 
surface of the sleeper. 


Rail battering. 

There is yet another phenomenon 
which confronts the railway mainte- 
nance engineer : this is the local bat- 
tering of the rail table a few inches 
beyond the joint on the facing rail. The 
point is usually clearly defined, and is 
uniformly located on each rail, though 
the position varies somewhat on differ- 
ent railways. The metal appears to be 
battered, leaving a cavity, and giving 
the rail a wider table than the normal. 
The explanation is probably to be found 
in relative vertical movements of the 
trailing and facing ends of the rails at 
the joint, a feature which can never be 
eliminated, but only mitigated by sound 
packing and effective fishing. The 
wheel on approaching the end of a rail 
causes local depression, which increases 
until the actual joint is reached. The 
facing rail, though dragged down by the 
fishplate, presents a step to the on- 
coming wheel. The wheel leaps this 
step and rebounds upon the table, the 
spot being determined by speed, rela- 
tive efficiency of fishplates,. and the 
condition of the joint generally. 


Rail creep. 


With the sole exception of corruga- 
tion there is no more bewildering phe- 
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nomenon connected with 
way than creep. Much has been writ- 
ten on the subject during the past 
thirty years, but, despite all theory and 
observed fact, the subject is still open 
to controversy. To railwaymen anxious 
to pursue the subject more closely the 
writer would refer them to the Paper 
contributed by Mr. Frank Reeves to the 
Institution of Civil Engineers in 1917 
(vol. CCV). It is beyond question that 
creep is more pronounced in the Argen- 
tina than in Britain, and the reason lies 
mainly in the ineffective fastening of 
the flat-bottomed rail as against the ca- 
refully chaired and keyed bull-headed 
rail. Further, the range of temperature 
in the Argentina is greater than in 
Britain. 

The spike as a rail fastening exerts 
very little pressure upon the flange when 
driven into a red quebracho sleeper. In 
the first place a hole is bored, and the 
corners of the spike alone grip the 
timber; secondly, the wave motion of 
the rail, together with the tendency to 
twist, causes a slight extraction. To 
offset this weakness in anchoring, resort 
is frequently made to check creep by 
slotting the fishplate in order to engage 
the spikes in the joint sleepers. As pre- 
viously stated, the practice has little to 
commend it, for the fishplates are 
already overburdened in taking care of 
other loads, and are inadequate even to 
meet these. 

Creep is nearly always in the direc- 
tion of traffic, and though it takes place 
despite temperature, it is nevertheless 
more pronounced during hot weather. 
Falling grades are slightly conducive 
to it, but the direction of traffic will 
cause the rails to creep even on a rising 
grade, and is a much more powerful 
factor. Many engineers contend that 
creep is more pronounced on a yielding 
roadbed when the wave motion of the 
rail is intensified. Be that as it may, 
rails creep over bridges, and the bridges 
themselves creep unless adequately 


permanent 


anchored. There are engineers also 
who affirm that creep is greater on a 
hard, unyielding roadbed, and as such. 
opinions are the result of personal 
observation they cannot be ignored; but 
however well the track is packed the 
wave motion is always present, and de- 
formation of the rail is probably the 
prime factor in causing creep. In addi- 
tion to this, the wheel load is also a 
powerful factor, and to a great extent 
also temperature plays a part. 


Contributory causes. 


As in the case of corrugation, there is 
probably no single cause to account for 
creep, but rather a combination of 
causes. It has been stated that where 
corrugation takes place, creep as a rule 
does not, and vice versa. If this be so, 
the inference is that a yielding road is 
conducive to creep. Rails of light sec- 
tion creep more than those of heavier 
type : this strengthens the belief that a 
yielding track offers less resistance to 
creep than a track of rigid construction. 
Under the influence of a rising tempe- 
rature the rails expand, and if the fish- 
plates are so tightly bolted as to impede 
free expansion the track kinks, unless 
the weight of traffic is sufficient to relax 
the hold at the joint; but the rails, under 
such conditions, will not regain their 
former position when the temperature 
falls. Many railway companies, realis- 
ing this, oil the fishplates or smear the 
fishing planes with grease, in addition 
to slacking back the bolts slightly in 
the summer months. The objection to 
the use of grease is that under pressure 
it is squeezed out and does not fulfil its 
purpose, and altogether the work calls 
for considerable care, 

The two rails of the track seldom 
creep uniformly : one or the other takes 
the lead for reasons difficult to explain, 
for observations on double track are 
completely upset by observations on 
single track. The writer’s personal 
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observations are that the left-hand rail 
in the direction of traffic is that which 
creeps to the greater extent. On double 
track this might be attributed in a mea- 
sure to the greater yield of the road- 
bed, since the ballast is looser along the 
edge than in the six-foot way; but the 
case of single track upsets this theory, 
for the left-hand rail travels in the di- 


rection of traffic whether it be outward 


or inward bound. 

In 1904 a Dutch engineer, after much 
investigation, stated that he had noticed 
that, in the case of locomotives in which 
the leading crank was on the right-hand 
side, the tyres of the wheels on the left- 
hand showed slightly greater wear, and 
the engine, in consequence, leaned to 
the left. With the leading crank on the 
left-hand side, tyre wear was greater on 
the right. Whether this be the case or 
not, the tracks upon which the writer 
has studied creep have carried engines 
with the leading crank on the right. 

Creep is much less noticeable on an 
earth-ballasted track, and Mr. A. C. Ren- 
ton, formerly chief engineer of the 
Buenos Ayres Great Southern Railway, 
found that banking the ballast to the 
head of the rail had been instrumental 
in checking it. From this it may be in- 
ferred that if a rail be protected against 
a wide range of temperature, creep is 
greatly minimised. Even in England, 
where the range of temperature is less 
than in Argentina, it is sufficient to 
cause a variation in length of track of 
41 inches per mile. 

Whatever the cause or causes of creep 
may be, a rigid, wellpacked road with 
anti-creep devices, as distinct from fish- 
plate slotting, is of first importance. To 
shield the rail from great ranges of tem- 
perature is hardly less important, and, 
lastly, a better rail fastening than the 
spike affords is desirable where traffic 
is fast, heavy and frequent. That the 
locomotive engineer is not entirely 
blameless in the matter is a belief long 


_held by many railway engineers, but it 


is difficult to measure his responsibility 
in the matter, and still more difficult to 


define the nature of the charges against 
him. 


Roaring rails. 


Another phenomenon which has per- 
haps received less consideration than 
any other is the formation or develop- 
ment of galls on the rail table. These 
commence with a small black spot, and 
spread out for an inch or more into a 
patch of deformed metal, which ulti- 
mately disintegrates and forms a cavity. 
In certain cases a rail develops one or 
two galls only; in others many of them, 
so that when traffic passes a roar takes 
place, from which the term <« roaring 
rails » has come to be applied. The case 
is quite distinct from corrugation, an 
examination of these galls disclosing a 
series of longitudinal fissures, divided 
up transversely into a series of minor 
cracks, Beneath the damaged area lies 
a distinct plane of cleavage, the surface 
presenting a slightly crumpled texture. 
Frequently the film of metal can be 
lifted up with the fingers alone, or with 
the point of a penknife. 

The number of cases which have been 
brought to the writer’s notice are not 
very numerous, but all are very marked. 
Those on double track are more often 
found on a rising grade, and the left- 
hand rail in the direction of traffic is 
the rail which shows the greater suscep- 
tibility to the phenomenon. At first 
sight it would appear that the trouble is 
caused by the locomotive of a heavy 
train starting on the bank after a signal 
check : in fact there are occasionally 
indications corresponding to the posi- 
tions of the driving wheels, but these 
are confined to one rail only, the cor- 
responding impression of the wheels on 
the opposite rail not being apparent. 

Further, the stretch of track affected 
is too long and too remote from signals 
for it to be assumed that the locomotive 
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could come to rest at any point upon it. 
On single line the phenomenon appears 
on both rising and falling grades, near 
signals, and far from signals. 

The writer recently noticed the same 
defect on the Transandine Railway, 
where it is accounted for by the loco- 
motives when pushing the rotary snow 
plough on the adhesion sections of the 
line. When the plough strikes an extra 
deep or hard snow bank the driver opens 
up the regulator, and the coupled 
wheels, rotating freely on one spot, 
grind out local cavities. Without. 
expressing any decided opinion as to 


the cause, this to the writer seems to lie 
mainly in the composition of thé rail 
itself. Horizontal fissures probably 
exist in the head before the rail is placed 
in service, and the heavier traffic condi- 
tions which rule on a rising grade bring 
about the breakdown of the thin film 
of metal which overlies the seam, 

The writer trusts that what has been 
said may induce divisional engineers 
and those responsible for the mainte- 
nance of permanent way to place their 
experience of the many phenomena 
connected therewith at the disposal of 
the Association. ; 
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General rules (approved by the Ministerial Decree of the 27 March 1923) for 
the new railways and tramways leased to private companies which may be 
run over by goods wagons of the Italian State Railways. 


Fig. 1, p. 156. 


(Giornale del Genio Civile.) 


Lines and installations, fixed and roll- 
ing stock, junctions with works, etc., of 
the railways and tramways recently con- 
structed and worked by private enter- 
prise, must satisfy the following condi- 
tions in order that the goods wagons 
running on the State Railways may be 
allowed to travel on them: 


§ 14. — Width between rails. 


The norma! width between the inside 
edges of rails on straight sections of the 
line must be 1.445 m. (4 ft. 8 7/8 in.). 
In certain special cases a minimum 
width of 1.435 m. (4 ft. 8 1/2 in.) may 
be allowed on straight lines. 


On curves with a radius equal to or . 
less than 650 m. (32 1/2 chains), the 
spacing must be increased according to 
the dimensions given in table 1, An ex- 
tra 5 mm, (3/16 inch) may be allowed 
for the width of the road when the lines 
are straight and on curves when the ra- 
dius is 400 m. (20 chains) and above, 
and 3 mm, (1/8 inch) when the curves 
have a smaller radius. 


§ 2. — Inclination of rails. 


Rails, except those of the Phoenix type, 
should be inclined 1:20 towards the 
inside of the track, crossings and points 
being alone excepted. 
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§ 3. — Adjustment of the gauge where straight 
lines and curves meet. 


The increase in the gauge on a curve 
should begin at the tangent point, and 
should proceed at the rate of one mil- 
limetre per metre up to the maximum 
allowed for the curve. 

However, on the curve which joins up 
the switch rail of a turn-out with the 
crossing, the gauge corresponding to the 
radius of the curve should be reached 
midway between these points, and the 
necessary adjustment in the gauge should 
be made over the first half of the dis- 
tance between the switch and crossing. 


§ 4.— Superelevation of the outside rail 
of a curve. 


The superelevation given to the out- 
side rail of curves should be calculated 
preferably from the following formula 
in use on the State Railways. 


] eV2 
‘= 0.127R 


in which 
h = superelevation in millimetres ; 
V = speed in kilometres per hour given 
by the formula 


= Waa Fe 
x b 2 


in which V, and V2 are the speeds 
in kilometres per hour of the 
fastest and slowest trains; 

e =distance between centres of rails 
measured on the heads of the 
latter, in metres; 

R = radius of the curve, in metres. 


At stations where all trains stop, the 
above mentioned superelevation should 
be reduced by half. 

No superelevation is given to curves 
on secondary lines, and the same may 
be said in general for lines branching 
off. 
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§ 5. — Joining up of superelevated rails. 


The joining up of superelevated rails 
should be done progressively with a 
slope of 2 to 4 "/. from the straight por- 
tion which precedes the tangential point 
of the curve. 

If the straight portion lying between 
two curves running in opposite direc- 
tions is not sufficiently long to obtain 
the whole of the superelevation, this may 
be continued on to a part of the curve; 
if the curves run in the same direction, 
the superelevation is maintained on the 
straight portion when the two curves 
have different radii. 

In the case of branches on the main 
line, beginning with a curve and in 
which the line branching off comes from 
inside the curve, — an instance in which 
superelevation is recommended, — the 
latter should be applied to the two lines 
corresponding to the curve of the line 
run over at the highest speed. 


§ 6. — Exceptions for tramways 
and connections to private works. 


The rules given in paragraphs 2, 3, 4 
and 5 are not insisted upon either in the 
case of tramways running along the or- 
dinary roads or streets, or with connec- 
tions with private works, on condition 
that the trains do not exceed a certain 
speed. 


§ 7. — Level crossings and sections of lines 
on roads used by ordinary vehicles. 


If at level crossings and portions of 
the line common with the public road- 
way, guard rails are used, or any other 
arrangement taking the place of guard 
rails, the distance between the running 
rails and the guard rails should be as 
given in table 2. 

If the line is not fitted with guard 
rails, it should be so arranged as to 
give free passage to the wheel flanges. 
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(98 feet) long. At stations and in spe- 
cial cases on the main line, this length 
may be reduced down to a limit of 10 m. 
(33 feet), speed being correspondingly 
reduced. 

On those lines, where for exceptional 
reasons -curves with a radius between 
120 and 150 m. have been allowed and 
where the straight portion between curve 
and counter curve is less than 30 m., 
the Administration of the State Railways 
may disallow or restrict the running of 
certain classes of vehicles, each parti- 
cular case being considered separately. 


§ 9. — Minimum clearance allowed between 
fixed obtacles and the standard loading 


gauge. 


On the Italian railways, it is necessary 
that a certain amount of clearance or 
space should exist between the standard 
loading gauge fixed normally to the 
ground plan of the line and the obsta- 
cles which exist on the latter. This clea- 
rance should not be less than those gi- 
ven in table 3, so far as this condition 
has not already been fulfilled by the ap- 
plication of the rules given in para- 
graph 4 of article 269 in the special 
chapter giving the legal requirements 
for railways conceded to private enter- 
prise, tramways worked mechanically, 
and automobiles, approved by Royal De- 
cree issued on the 9 May, No. 1447. 


$ 10. — Strength of the road. 


At the extreme limit of its wear, the 
road should have the necessary strength 
to carry axles loaded to 15 t. 

The greatest tensile stress allowed in 
rails when at their limit of wear is 
14 kgr. per mm? (19 912 lb. per square 
inch). 

For calculating the unit of the max- 
imum tensile stress, Winkler’s formula 
should be used: 


0.189 X aX G 


c= W 


in whieh 


G = 7500 ker. in weight transmitted 
through the wheel; 


a = maximum distance in millimetres 
between the centres of two adja- 
cent sleepers if the road is not 
provided with carrying plates, or 
maximum distance between the 
edges of the carrying plates of 
two neighbouring sleepers if 
the road is fitted with carrying 
plates. 

W = the moment of resistance, in cubic 
millimetres, of the rail at its 
extreme limit of wear. 


§ 44. — Rails. 


The weight of rails per linear metre 
should not as a rule be less than 30 kgr. 
(60.48 lb. per yard), nor their sectional 
dimensions less than the following : 


Width ofhead..... 57mm. (21]/4in,). 
Width offoot. .,.. 95mm. (33/4in.). 
(when referring to Vignoles rails), 


Heightof rail. =... 123 mm. (4 13/16 in.). 


The length of rails should not as a 
general rule be less than 9 m. (29 1/2 
feet). 

In exceptional cases, a weight of less 
than 30 kgr. per linear metre (60.48 Ib. 
per yard) may be allowed on condi- 
tion that it is not less than 27 kgr. 
(54.43 lb. per yard) when fixed accord- 
ing to the conditions given in the fol- 
lowing paragraph 12. 

Rails fitted with the Phoenix groove 
are also permilted, providing that the 
groove has a depth of 41 mm. (1 5/8 
inches) and a with corresponding to the 
space allowed between the running rail 
and guard rail, as given in paragraph 7 
and table 2. 


§ 12. — Laying of the road. 


In laying the road, the number of slee- 
pers used for each type of rail should 
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be such that the maximum distance a 
between the centres of two consecutive 
sleepers should not exceed that given 
by the formula: 


aes tx W 
~ 0.189 x G 


in which the terms are the same as 
those given in paragraph 10, and in 
which ¢ must not exceed 14 kgr. per 
mm? (19 912 lb. per square inch). 

If the rails used are heavier than 
30 kgr. per linear metre (60.18 lb. per 
yard), the above formula should still be 
used for laying them down, though in 
no case the distance between the cen- 
tres of the sleepers must exceed 1 m. 


§ 13. — Rail joints. 


Joining the rails together must be done 
by means of fish-plates fastened with 
at least four bolts and made to the pat- 
terns adopted by the Administration of 
the State Railways according to the class 
of the road. 


§ 14. — Fastening the rails to the sleepers. 


Pails should, on main lines, be sup- 
ported by means of bearing-plates attach- 
ed to each sleeper, both on the straight 
and on curves. On secondary lines, the 
use of these plates may be reduced to 
one half on the straight and on curves 
of more than 600 m. (30 chains) radius; 
on other curves all bearing points must 
be fitted with them. Greater latitude as 
regards the use of bearing-plates may be 
allowed as far as tramways, junction 
and station lines are concerned. 


§ 15. — Projection allowed for joints 
and rail couplings. 


The projection allowed in all methods 
of joining and coupling rails should be 
such that when the rails have reached 
their extreme limit of wear, there should 
be a clearance of 41 mm. (1 5/8 inches) 


below the rail level to allow for the free 
passage of the wheel flanges, as shown 
in figure 1. 


§ 16. — Sleepers. 


Wooden sleepers should have the fol- 
lowing minimum dimensions: 


eneticn = 02:0 ma¢7 tt. 6 in.). 
Widths 45. 0.22 m. (8 5/8 inches). 
Thickness 0.125 m. (5 inches). 


Metal sleepers should have a bearing 
surface of at least 2.30 m. x 22 cm. 
(7 ft. 6 in. x 85/8 in.), and their weight 
should not be less than 60 kgr. (132 Ib.). 

Reinforced concrete sleepers should 
satisfy the same conditions as those for 
metal ones. 


§ 17.— Distance between the centres 
of contiguous lines. 


The distance between the centre lines 
of two contiguous lines, either straight 
or curved, should not be less than the 
minimum figures given in table 4, as 
far as this condition has not already 
been fulfilled according to paragraph 2 
of article 1 in the rules given for the 
fulfilment of the Act of the 27 Decem- 
ber 1896, No. 561, with reference to 
tramways. 


§ 18. — Single and double branches. 


Curves joining up branches from the 
main lines should have a radius of at 
least 120 m. (6 chains). 

A straight portion of at least 10 m. 
(33 feet) should be interposed between 
two curves running in opposite direc- 
tions and joining parallel lines. 

When these changes in direction lead 
into sidings, the connecting curves may 
be allowed a radius of not less than 
100 m. (5 chains). 

The free space allowed for tyre flan- 
ges between the far end of the points 
and the check rail should not be less 
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Fig. 1. — Limiting loading gauge showing the minimum free space po 
for fixtures on the road. 
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SIMNETT (W. E.), M. B. E., Assoc. Inst. C. E., Railways Amalgamation Tribunal, Late Director, 
Ministry of Transport. — Railway Amalgamation in Great Britain. — One volume in 8v° 
(8 3/4 X 5 1/2 inches) of 270 pages and 4 maps. — 1923, published by the Railway Gazette, 
33, Tothill Street, Westminster, London, S. W. 1. — Cloth, price : 15 sh. net. 


This work forms the only connected 
and authoritative account in existence 
of the course of railway amalgamation 
in Great Britain from the earliest. years 
up to the completion of amalgamation 
in 1923. The full original documents 
reproduced in the Appendixes will be 
found indispensable to all students of the 
important and complex economic, finan- 
cial and other problems involved, to 
legislators and public officials and_ to 
railway directors and officers at home 
and in all parts of the world; as well as 
to that wider public which takes an 
intelligent interest in the problems of 
what must ever be one of the most im- 
portant factors in the economic life of 
any country — its transportation sys- 
tem. 

The author is exceptionnally well qua- 
lified to treat of this subject, being an 
officer of the Tribunal entrusted by Par- 
liament with the task of amalgamating 
the railways of Great Britain, and pos- 
sessing a first-hand and inside know- 
ledge of the questions with which he 
deals. Added to wide experience gained 
before and during the war, he was a 
director of the Ministry of Transport 
from its inception, and watched critic- 
ally the development of the post-war 
transport situation both in this and in 
other countries. 

The book describes all phases of rail- 
way amalgamation in this country — its 


early beginning, almost contemporaneous 
with the introduction of railways and 
development up to 1914; Government 
possession and control of the railways 
during and after the war; the establish- 
ment of the Ministry of Transport; the 
railway agreements and the compensa- 
tion settlement; the introduction of the 
Railways Bill; the provisions of the Act; 
the constitution and work of the Amal- 
gamation Tribunal; the distribution of 
the £60 000 000 in compensation and the 
completion of amalgamation. A des- 
cription is given, with maps, of the four 
great systems now existing in Great Bri- 
tain and questions of organisation and 
further development are touched upon. 

An especially interesting chapter is 
that dealing with the railway problem 
in other countries, both in Europe, Ame- 
rica and India, whence it will be seen 
that the question is of world-wide inter- 
est and importance. Indeed, this work 
should be found of interest not only to a 
wide public in Great Britain itself, but 
perhaps in an even greater degree to 
students of railway economics in other 
countries, especially the United States 
of America, where similar problems are 
now being encountered. 

In conclusion, the author deals briefly, 
but thoughtfully, with the future of rail- 
ways in this country. The Appendixes, 
consisting of original documents, are 
especially full and valuable, and will 
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render the book indispensable as a per- 
manent work of reference. The work is 
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also supplied with a bibliography and a 
good index. 


SAUVAGE (Ep.), honorary chief engineer of the French State Railways, professor at the « Conser- 
vatoire national des Arts et Métiers », laureate of the Institute. — La machine locomotive (The 
locomotive engine), 7'* edition. — One small volume in-8¥° (7 3/4 5 inches), of xvi + 412 pages, 
with 342 illustrations. — 1923, Librairie Polytechnique Ch. Béranger, 15, rue des Saints-Péres, 
Paris, and 8, rue des Dominicains, Liége. — Price : 31.25 francs net. 


It is a somewhat difficult task to write 
‘a book giving a sufficiently complete de- 
scription of the various parts of the 
locomotive so as to make their working 
clearly understood by the drivers and 
the stokers. The technical literature on 
the subject includes a certain number of 
works of this kind, and amongst them, 
Mr. Sauvage’s book, which is well known 
to most French readers, occupies a pro- 
minent position. The successive editions 
that have been published, the seventh of 
which now appears, are proof of its 
success, and shows the desire of the 
author to keep his work thoroughly up- 
to-date as regards the latest improve- 
ments. 

The plan of the book, quite logically 
conceived, is on the same lines as the 
previous editions. In a first chapter en- 
titled « Generalities » the author, by giv- 
ing practical examples or showing sim- 
ple mechanical contrivances, explains 
the meaning of the elementary terms in 
mechanics, such as force, work, power, 
etc., a knowledge of which is necessary 
in order to read the book with profit. 
Substantial information is added with 
regard to fuel and combustion, material 
used in the construction of locomotives, 
train resistance, calculations of speed, 
etc. 

The real description of the locomotive 
itself is contained in three chapters, 
which deal successively with the boiler, 
_the mechanism and the vehicle (fram- 
ing, suspension, wheels). The _ three 


following chapters deal with the various 
types of locomotives, the construction of 
tenders and the means used for stopping 
trains. The two last chapters are de- 
voted to the maintenance of locomotives 
and the organisation of the staff in the 
running sheds. 

The descriptions given are made clear 
by means of numerous sketches, general 
arrangements and drawings of details 
showing the construction and methods 
by which the different parts act. With 
each description the author also gives 
the reasons for adopting the different 
arrangements employed, explains their 
use and how they are worked, the pre- 


. cautions that shoud be taken and ma- 


terial to use. 

In the. chapter relating to boilers, the 
accessory and safety apparatus are dealt 
with all the thoroughness their import- 
ance requires. Amongst the latest im- 
provements we may mention: rocking 
firebars, water tubes supporting the 
arch, expansion stays, improved injec- 
tors, Coale’s safety valves, superheaters 
and water heaters. 

The chapter dealing with mechanism 
contains, as well as a description of the 
various parts, a complete study of valve 
gearing, a critical examination of the 
characteristics of the mechanism of the 
principal systems in use, and an analysis 
of the various phases of the working of 
the steam. It may be seen from the dia- 
grams the influence due to speed, the 
position of the reversing screw or lever 
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